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INTRODUCTION 
The priorities were established for the Buffalo National River 
Ecosystem Studies through meetings and correspondence with Mr. Roland 
Wauer and other personnel of.the Office of Natural Sciences, Southwest 
Region of the.National Park Service. These priorities were set forth 
in the appendix of contract no. CX 700050443 dated May 21, 1975 and 
summarized below~ 
Priority 1 - Water Quality Analysis - This phase of the study 
involved physico-chemical analysis and phycological studies of the 
river water and represented an extension of the previous two contracts 
except for the addition of turbidity measurements and chlorophylls 
analysis. 
Priority 2 - Analysis of Fecal Contamination - The objective of 
this phase of the study was to determine the magnitude and source of 
fecal contamination in selected river sections. 
Priority 3 - Geochemistry of Sediments and Water - The purpose 
of this phase of the study was to determine whether anomalous high 
heavy metal concentrations are due to tailing and ore piles from old 
mine sites or whether they are the result of natural contributions due 
to metals present in the rocks. 
Priority 4 - Hydrogeologic Characteristics - The purpose of this 
phase of the study was designed to provide information on the characteris-
tics of the groundwater resources of the watershed and on the relationship 
between alteration of the local environment and river hydro~ogy. 
Priority 5 - Vegetation on Selected· Sites - The purpose of this 
phase of the· study was to identify and locate the ~egetation typ~s present 
in areas of most immediate interest to the management of the river. 
2 
Priority 6 - Resource Capacity - The·. purpose of this phase of 
the study was to provide information on· ... the· use-activity· pattern along 
the.river. 
In accordance with these priorities the following report is sub-
mitted as a final report for.contract no.·cx 700050443~ 
• 
WATER QUALITY ANALYSIS AND MONITORING 
The algal flora of the Buffalo River was studied thr~ughout 
the period of July, 1974 to December, 1975. Determinations were 
made at regular intervals of a set of physico-chemical variables 
which may be supposed to influence algal growth and water quality. 
The seasonal aspects of the algal populations as they occurred 
during this research period are discussed in detail. General 
patterns have repeated themselves and may be expected to continue 
to do so if the habitats are maintained. Future plans for river 
research include a more concentrated study of productivity of 
the periphyton community. These studies will be based on those 
methods which prove most successful. This report reviews various 
analytical techniques, field trials and applicability to the Buf-
falo National River. 
Physico-Chemical 
Temperature and conductivity were measured in the field with 
a YSI Conductivity meter. Oxygen concentrations were measured on 
water samples taken from the river in glass bottles using a modified 
Winkler analysis. Water samples for chemical analysis were col-
lected in plastic bottles. In the laboratory, turbidity was mea-
sured using a Hach Analytical Nephelometer Model 2100A~ on unfil-
tered water samples. Annnonia was measured on unfiltered water 
samples using direct or standard addition methods with the Orion 
Specific Ion Probe. Samples of river water were filtered through 
3 
Millipore filters and refrigerated overnight. Nitrate-nit~ogen 
was determined by the ultraviolet standard method (American 
Public Health Association, 1971). Orthophosphate was measured 
by the ammonium molyldate procedure, also a standard method. 
Silica concentrations were determined by diluting water sam-
ples 1:4 and measuring according to the heteropoly blue stan-
dard. 
Primary Productivity 
4 
Productivity studies were carried out using artificial substrates 
o·f standard glass microscope slides, plastic "whirl pace", simulated 
concrete rocks, and glass· plates. These various materials were positioned· 
in the river in such a manner so that they would be available for algal 
colonization and growth. Carbon-14 uptake experiments carried out in 
August, 1975 according to the standard procedures. Diurnal or diel 
oxygen measurements were made using a YSI Oxygen meter standardized by 
a modified Winkler titration except where extremely cold temperatures 
prevented the ope·ration of the meter. Direct titration was used under 
cold conditions. 
In order to measure chlorophyll concentrations it is necessary to 
filte~ ~known volume (1 liter) of river.water onto a glass fiber filter. 
The algal cells that had been suspended in this river water become 
trapped on this filter. Then the filters are lypholized. After this 
desication process,· pigments are extracted from the filters in a known 
volume of acetone. Using spectrophotometric methods described in 
• 
_a 
5 
(Meyer, 1971), the concentrations of Chlorophyll A, Band Care determined. 
A similar method was used in determining chlorophyll concentrations of 
the artificial substrates. 
Results and Discussion 
Stream-algal flora is usually lacking true phytoplankton and the 
Buffalo River examplifies this condition (Meyer, 1974). The maj'ority of 
the algae is periphytic. By taking plankton tows and observing the 
samples, it becomes clear that the usual algal forms found free floating 
in the river are dislodged periphytic organisms and thus are tychoplanktonic. 
This pausity of euplankton is supported by the chlorophyll data (Table 1). 
Starting with the March 8, 1975 sampling, chlorophyll analysis was in-
stituted as a regular part of the sampling regime. The generally low 
concentration values of these pigments in ug/l illustrate the scarcity 
of phytoplankton. ·Abundances were often below detection limits as is 
shown by zero values in the table. There is an interesting increase in 
the concentration of chlorophyll Bin June and July of 1975 (Fig. 1). 
At that time masses of free floating Spirogyra were evident at most 
stations on the river and can account for that high value. Chlorophyll 
B to Chlorophyll A ratio is extremely high in the Conjugatophyceae (Table 
3 ) • In June of that year, at some of the stations there was slight 
development of a truly planktonic flora in the still pools. Species of 
the order Volvocales (Table· 3 ) are usually part of this plankton (Table 
2 ). Eudorina eglans was found in a pool at Jasper and als~ at the Hasty 
station. This same event.was noted for the summer of 1974 but to a greater 
extent. Then there were greater numbers of planktonic species found in 
still pools throughout the summer and into October as long as quiet water 
persisted. Planktonic genera included many flagellates; chrysophytes such as 
FlG. 1 
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Mallomonas alpina, Mallomonas helvetica, Synedra petersenii and Anthophysa 
vesetans. ,Euglenophyta included Trachlomonas hispida and Phacus 
orbicularis. The Pyrrhophyta found as euplankters were Peridinium !E.• 
and Ceratium. Chlorophyta in the summer plankton was predominately 
Chlamydomonas petryi and Eudorina eglans. Typical summer algal flora 
has also included Spirogyra during the period studied. Once still pools 
and quiet water, with the only significant water movement limited to 
riffles, became established Spirogyra !P.E.• became predominant. From 
these pools it was washed out into the main stream. This observation 
is similar to findings reported in a study concerning a Michigan stream 
where pools acted as centers of dispersal for Spirogyra (Blum, 1959). 
There were several species of Spirogyra, few were observed in 
fruiting stages needed for taxonomic determination. One of these was 
Spirogyra hymenae which was observed with zygospores and conjugation 
tubes in the December, 1975 sample. Only one species of Spirogyra was 
forced to conjugate in the laboratory; this was Spirogyra orientalis. 
After subjecting a culture to darkness, cool temperatures and a con-
centrated C02 atmosphere for a few days, fruiting structures developed. 
Attempts to force other species of Spirogyra to conjugate were never 
successful. 
Spirogyra was abundant at most stations in the summer months and 
although much reduced the population lasted until late fall to winter 
during the years sampled. In late December and early January it finally 
disappeared from the stream system. Spirogyra has established itself 
as a regular aspect of the summer flora on the river. 
Another important summer event was the growth of large beds of 
Justica Americana (water willow) in the water. As these vascular 
8 
phanaerogams became established so did the epiphytic algal population 
which depended on them. Epiphytes are therefore, limited by the dis-
tribution of a suitable habitat; the higher plant. 
This axium is applicable to the Buffalo River ecosystem, so that 
algae epiphytic on water willow are similar from station to station. 
These included; Calothrix minima, Phormidium Ambiguum, Stiseoclonum 
nanum, Oscillatoria geminata, macroscopic colonies of Choleochaete 
scutata and associated metaphytic genera such as Cosmarium and 
Scenedesmus. 
Other important epiphytes do not depend on vascular plants but on 
large ~ilamentous algae. Filaments of Oedogonium or Cladophora may 
harbor extensive epiphytic assemblages. These may include; Chamaesiphon, 
Aphanochete, Epithemia, Gomphonema, Cymbella, S:ynedra, Cocconeis, 
Diatoma and others. Characium ambiguum has been found on filaments of 
Mougeotia as an epiphyte. Growth of the supporting plant could be 
essential to the epiphyte if they are restricted to this relationship. 
Epiphytes on those filamentous algae are present year around in the case 
of Oedogonium or as long as those supporting plants are available, in 
the case of Cladophora which shows periodicity in that it is available 
only in the summer months. As in the case of epiphytes on Justica, 
their association is seasonal because the beds of water willow have 
usually dissappeared completely by late September. 
Seasonal succession on the Buffalo National River is very complex. 
Very few events stand out as clearly as the summer events discussed 
above (Table 2 ) • Autunm, for instance, seems to be a transitional stage 
with no dominant algal flora or unique species. With the loss of leaves 
in the surrounding forest and increased rainfall, this is a period of 
.• 
.; 
9 
high runoff and rising water levels. Higher turbidity readings are typical 
of these high water periods. Epilithic populations are the major ones at 
this season but with swiftly flowing water this periphyton is of ten scoured 
off of the rocks. Algae typically encountered in· the fall includes re~ 
nants of the summer population, the ubiquitous Oedogonium, and cyanophytes 
of the Chroococcales, Chamaesiphonales, and Oscillatoriales (Table 3 ) • 
Winter has an algal association which is predominated by diatoms. 
This can be viewed macroscopically as golden colored gelatinous coatings 
on rocks in the stream which develops from December to January. This 
winter predominance of Bascillariophyceae is also reflected in the high 
chlorophyll C values at that season (Fig. 1). The most important components 
of thi~ winter algal association are the pennate diatoms such as Achnanthes, 
Cymbella, Navicula and Nitzschia. Associated with them in lesser numbers 
are the green Ankistrodesmus, the desmids; Cosmarium, Closterium and 
Stauradesmus and the filamentous bluegreen alga, Oscillatoria. 
In March there is an early spring period of transition typically 
.being dominated by high, swift waters that scours away the winter diatom 
populations. Occationally in quieter more sheltered areas· such as that 
encountered at Boxley, there is development of large green gelatinous 
colonies of Tetraspora. At the majority of the.stations the only non-
diatom algae encountered were bluegreens. 
Strangely enough no seasonal pattern as to the occurrence of red algae 
develops (Table 2 ) • Traditionally fresh water red algae have been 
classified as the type of algae that might be found in cool, clean waters. 
The Buffalo River is a warm water stream with summer temperatures ranging 
up to 32°c. Red algae of different genera have been found infrequently 
at Boxley, Ponca• Pruitt• Hasty,, Gilbert, Highway 14, and Rush in every 
10 
season. The only stations where red algae have not been found were 
Jasper and Buffalo Point. Those can probably be classified as generally 
disturbed sites which never develop very extensive epilithic floras. 
Water quality parameters monitored were phosphate, nitrate, silica 
temperature, oxygen, turbidity and conductivity. Graph~ and discussion 
of chemical and physical parameters can be found in Buffalo National 
River Ecosystems, Part I, for the period through 1974 (Rippey and 
Meyer, 1975). For chemical and physical data through December, 1975 
refer to the accompanying tables. A complete discussion of chemical 
and physical parameters as they relate to ·seasonal algal populations 
will be included in a Masters of Science Thesis by one of the .authors (LLR). 
~onductivity was first included in the sampling regime in October, 1975 
so there· is not enough data at this time to make conclusive statements 
concerning the seasonal pattern of conductivity. Filterable ortho-
phosphate persists at low levels throughout the year with slight 
fluctuations but never exceeding a mean value of 0.1 mg./liter (Fig. 2 
and 3). Although there is no real quantitative algal data at this time, 
ortho-phosphate traditionally shows· a negative correlation with algal 
abundance. Nitrate-N concentrations for the previous reporting period 
showed a peak value of 0.5 mg./liter in September (Fig. 2). This in-
creased nitrate concentration was thought to have initiated the summer 
to winter assemblage succession. In the current reporting period the 
fall peak is not so pronounced as in 1974 but there is a concentration 
peak of 0.4 mg./liter in early December (Fig. 3). This is probably due 
to a sparse epilithic population which has lower nitrate utilization. 
Silica levels continue to be relatively high and the data reflects the 
algal ~opulations. Mean concentrations of silica are reduced by large 
diatom populations such as the winter epilithic bascillariophytes. 
•.1 
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Water temperature in the Buffalo is influenced by atmospheric temperatures 
but due to th.e thermal properties of water, the changes are moderate 
(Fig. 2 and 3). The concentrations ·of dissolved oxygen in the Buffalo 
River is the result of atmospheric exchange in accordance with the gas 
laws and algal productivity (Fig. 3). The question of dissolved oxygen 
resulting from photosynthetic activity is best approached with die! 
oxygen curves (Pig. 4). The oxygen concentrations are further discussed 
under the "Productivity" section. Turbidity is generally low in the 
river water but its increase reflects increased flow of sediment laden 
waters from either runoff or upstream regions of the river. These 
values.are typically lowest in the sunnner when the flow is most reduced 
(Fig. 2 and 3) • 
Productivity 
A major portion of the research effort was directed at assessing 
techniques and methods for quantifying the primary producers and establishing 
a procedure for determining rates of productivity. These quantitative 
values are important in· recognizing initial perturbations on the natural 
flora prior to severe damage to the algal community. Methods for 
establishing productivity rates have been successfully developed for 
the euplanktonic subcpnnnunity but much innovative effort is required 
for the development of an approach for the epilithic and epiphytic· 
subcommunity. Work done on the Buffalo River was· directed toward 
developing a quantitative estimation of the distribution of algae. 
It is accepted that research from this quantitative approach would 
give a great deal of more well defined information but there are a· number 
of, problems inheren.t to such a quantitative approach. First, in order 
to assess.an algal population it is necessary to know the area that is 
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availab~e to its growth. In a limnetic situation this is much more 
simplistic because volumes of water available to plankton growth can 
easily be calculated. It is a standard physiological procedure to 
speciate and enumerate, "count" algae from samples of a known volume 
taken from a known depth in a lake. In small order rivers like the 
Buffalo, the algal flora is periphytic and it is difficult to calculate 
true surface areas of the natural substrates that are available for 
colonization and growth. The rough irregular surfaces of the substr~te 
provides a greater true colonizing area than is represented by aerial 
dimension. Most researchers substitute an artificial substrate with a 
known surface area. 
Throughout the late spring, summer and fall of 1975 a series of 
experiments were conducted on the Buffalo in order to determine the 
best quantitative experimental approach. The first experiments utilized 
artificial substrates of two different materials, glass and plastic. 
These substrates were implanted in the river for an inculation period 
of a month and then recovered for analysis. Descriptions of these 
devices can be found in previous reports, but briefly the plastic device 
consisted of .a "whirl pac" sampling bag filled with sand or gravel 
indigenous to the site where it was to be placed to render it as 
inconspicuous as possible •. The glass device consisted of a standard 
slide box with the side panels removed to allow water to flow through. 
A number of slides were placed in the holder in the.usual manner and the 
whole box was taped closed and mounted on a.retaining stake. Then the 
slides could be positioned at the desired depth.and orientation in the· 
water. 
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The first major problem encountered with these and other substrates 
is that foreign looking objects in the river arouse attention and are 
often removed by the curious well intentioned visitors to the river. 
Substrates in no way parallel either quantitatively or qualitatively 
the natural substrates. Glass substrates recovered at Gilbert showed 
predominantly Cocconeis, a genus which was present on natural substrates 
but d~d not out number all other genera. Some other genera found on 
glass substrates Oedogonium, Choleochaete and Lyngbya did not occur at 
all on natural substrates at the Gilbert station at that time (July 28, 
1975). Similar results were found with the glass substrates from the 
Highway 14 station. There Cocconeis was still the major alga colonizing 
glass slides. In that case there were no non-diatom algae found on the 
artificial substrates while natural substrates supported eight other 
~rders of algae. Involving other investigations of the growth of 
benthic algae on artificial substrates, it has been reported that: 
l. Species normally present in populations on natural·substrates 
may be stimulated to grow at different times of the year on 
artificial surfaces. 
2. Species growing on glass slides may not be the same as those 
growing on natural surfaces. 
3. Some of the species characteristic of the winter population fail 
to develop for some reason, so that glass slides are only 
measuring part of the community. 
These observations on the quality of periphyton growth (Tip~ett, 1970) 
on artificial_ substrates probably reflect problems encountered with such 
devices wherever they are used. At best, artificial .substrates can only 
be used as a comparison showing relative changes in flora from one station 
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to another within equivalent time blocks. 
Since one of the reasons for the loss of those artificial substrates 
may have been the current, a more substantial type of artificiai sub-
strate was fashioned. The design of this substrate was meant to 
facilitate the in situ measurement of productivity with carbon-14. 
These substrates consisted of a plate glass square anchored to a concrete 
block by straps of rubber tubing. Three of these w~re positioned in the 
river, at Ponca, Highway 14 and Rush in early August. Later that same 
month only one of these substrates was recovered from the' river. On 
August 21, 1975, a carbon-14 uptake study was done on the glass plate 
remaining at the Rush station. This was done by strapping open bottom 
B.O.D. bottles of known volume onto the glass plate~ One these bottles 
was clear glass, the other was made light tight with black paint and 
reflective foil. After the bottles were affixed to the plate!!!,~. 
a small amount of sodium carbonate (14C) was introduced to each and the 
bottles were stoppered. Incubation took place during the ·four hours 
around solar noon. At the end of this time the entire apparatus was 
removed from the water. Bottle contents were poured into a waste bottle. 
Then, the algae from the area under each bottle was washed and scraped 
onto a Millipore filter and hand vacu~ed while washing with several 
aliquots of distilled water to remove the carbon-14 not incorporated 
into the cells. Filters were put into plastic vials to be transported 
back to the lab and later analyzed for carbon fixation. All the sub-
strates for the performance of such a test cannot be maintained at other 
stations. The method appears to be aviable approach but will require 
further testing. Also recovery of the substrate to carry out this test 
requires a bit of submarine work which is complicated by strong currents 
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and low water temperature. 
Problems with artificial substrates abound. Among _the most poignant 
complaints are that they look foreign in the river thus are subject to 
human disturbance, and that they support uncharacteristic algal populations. 
So if qualitative data is to be collected the type of artificial substrate 
must be more like the natural rock but with an easily measured surface 
area. Concrete rocks seemed to meet these specifications so on October 16, 
1975 four concrete cylinders (approx. 5 cm. high and 7.2 cm. in diameter) 
were placed in the stream bed at five sampling sites. At the next sampling 
expedition, on the tenth of December, two sets of these substrates were 
located. Most of the work scraping and washing the algae onto glass fiber 
filters can be done in the field with a hand vacuum pump so that the 
"rocks" can be cleaned of periphyton and replaced in the stream for the 
next sampling. Two of these rocks were used for chlorophyll analysis 
from a known area and the other two provided .biomass data as dry weight 
corrected for extraneous particulate matter. Again it would be desirable 
to have more stations represented in this quantitative work but high 
water made it impossible to find the substrates at other stations. From 
both chlorophyll concentrations and biomass data it seems that substrates 
at the Pruitt station harbor more algae than those at Ponca. These 
"rocks" are currently undergoing further testing. 
To measure relative productivity from station to _station or from 
season to season without the inconvenience of leaving materials in the 
field would indeed be an ideal experimental method. On the basis of the 
fact that periphyton populations enhance the dissolved oxygen in the 
water when they photosynthesize in the daytime and deplete it when they 
respire, a set of diel oxygen measurements were conducted. The first diel 
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oxygen measurement was done in August, 1975 and the second was done in 
December of that year. Using the data obtained from these studies a 
seasonal comparison can be made of S·imilar points on the river. The 
s\IDlller water temperatures ranged from 28-32°c and the oxygen levels 
ranged between 9.5 mg./liter at noon and 5.6 mg./liter at dawn. The 
December water temperatures ranged between 3 and s0 c and oxygen con-
centrations were from 12.3 and 14.2 mg./liter (Fig. 4). There is an 
increased soluability of gasses in water at lower temperatures which 
accounts for the greater magnitude of the December oxygen concentrations. 
These high values may also be enhanced by the more rapid flow rates of 
the river in December which also has the effect of incorporating more 
atmospheric oxygen into the water. The importance in comparing these 
studies is to see the differences in the high noon and low dawn oxygen 
values. These represent the amount of oxygen in the water due to photo-
synth~tic activity. There is not as much oxygen in the water in 
December due to photosynthesis as in the summer (1.9 compared to 3.9). 
Sparse epilithic algal populations may also be evidence of this low 
comparative photosynthetic activity. 
Stations 
1 
p 
2 
3 
4 
5 
6 
7 
3 
Boxley 
Ponca 
Pruitt 
Jasper 
Hasty 
Gilbert 
Highway 14 
Table 1 
BUFFALO NATIONAL RIVER 
PHYSICO-CHEMICAL PARAMETERS 
Buffalo Point 
Rush 
Temperature in Celcius. 
Turbidity in N.T.U. 
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Oxygen, Silica, Soluable Ortho-Phosphate-P, Nitrate N, in milligrams/liter. 
Chlorophylls in micrograms/liter. 
Concentrations below detection limits reported as O. 
No Data indicated by ****· 
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RUFFALO RIVER PHYSICAL CHEMIC4L DATA 
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Table 2 
TEMPORAL DISTRIBUTION OF ALGAE 
Sampling Station 
1 Boxley 
p Ponca 
2 Pruitt 
3 Jasper 
4 Hasty 
5 Gilbert 
~ 6 Highway 14 
7 Buffalo Point 
8 Rush 
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Table 3 
Buf:falo National River Algal Species· · 
Organisms listed alphabetically under order, class and division. 
BUFFALO NATIO~AL RIVER ALGAL SPECIES LI~T 
CHLORJPH'fC LAE 
'/OLVuCALr.S 
C HLAMVCOMDNAS ANGUl. OSA DI LL. 
C H L A "1 Y 0 u ML N A ~ P : P Y I G 0 R 0 S HI. \I K I · ~ . 
~UDOR!NA ~GL~NS EHPENBERG 
GGNIU~ ~OCIALi CD0J.) WARMING 
S PONiHLLS iUM PYGAcll~ QABENH(i~ST 
TEnASPfJR~LES 
~PluCYSTIS BR~UNI~t~;. NAEG:.LI 
GLE.IJCYSTIS BLITRYOl['ES (KUTZ.) r~t.GELI 
GLF.OCYSTIS f':t.JOP c 
1L~JCYSTIS VESICULnS~ NAGcLI 
SPHA~KOCYSTIS SCHKOETERI CHODAT 
f ET RAS P 0 RA Gt LAT PHi SA ( VA UC H • ) DES VA LJ X 
: HLQR OCOCC ALES 
ANKISTRGDESMUS FALCATUS (CQ~OAI RALFS 
C HAR AC I U M A ~ B I GU UM HE k MANN 
tGELA~T~UM P~TICULATUM <D~NG.) SE~~. 
CRUCIGENIA IRREGULA~IS Wl~LE 
CRUCIGHd;. T.~APEOI.:: (Kl?.CH.) w. & G.S. WcST 
K IRCH:H:RIELL.:. LUN~P.lS (KIRCHNER> ~DBIU.S 
PEDlASTRU~ ~ORYANUM (TURP) MENEGHINI 
PED!ASTRUM DUPLEX MEYEN 
P~Ol~STRUM SI~PlEX CMEY~~· LE~MERMAN 
P~DIAST~Ur TETk~S (~HR.t R~LFS 
5 C E N f 0 E: $ M Lo S A d UN 0 :· t..,, S ( K I Q C H t C H :J DA T 
SCENEDE~MUS ~CUMI~~TUS (L~G.> C~ODAT 
S Ct N ED t S M u S ~ I J U G ~ ( U F P t L A G C: i:. I f E I ~: 
SCtNED:·SMUS t'-IM~RPHt:~US <TURP.> l\lJTZI~G $C[Nc0c5MlJS ~RASILIENSIS BOHLIN 
SCENEDESMUS INCP.A~SATULUS BUHLIN 
S C c r ~ F D E S Mu S !Jd L I Q U US < T UR P • t K U T Z I t\ G 
SCEN~ufSMlJS UPCLl~~SIS P. RlCHTiR 
StLANASTRUM ~ESTII G.M. SMITH 
~URASTkUM S~iNULOSU~ NAEGELI 
JL OT Q IC HAL ES 
JLOTH~IX TfN~~RI~: KUTZ 
ULOTHRIX ZlJNATA (WfBcx ~MOH~) KUTZING 
~HAET LlPHORALES 
.~ PH A ··W C HA ET E P 0 L Y (. Ii:. c T E ( H AN S G. J F Q IT S C H 
;:. PHAN 0 C HA t T E: RE P E "' S A • BR lo UN 
C~AETOPHOKA ATTENU!!TA H~ZcN 
C OL i: JC Hh ET E DIVER(, ENS PR ING SH t: I.·~ 
LGLEOCHLETE ORB!CUltRIS P~I~GSHLI~ 
CCL~CCH~~lE SC0TtT: ~RtB. 
GOMONTI~ HOLOENII C~LLINS 
~C~~kOSlRh OfBARY4NA ~~SE~HCRST 
5TIGEJCLONUM NANU~ KU~lZING 
STIGEuCLONUM TENUE lAG~RDH) KLITZING 
~LA)UPdORAU:S 
13AS!CLALIA C~cLG".JIJ~ <COLLINS> hiJFFMAN & TILD:=~ 
C L ,. ;J :J P H 0 R ~ F ~ AC T ~ ( Ll I L L W • t K U t T Z I ·~ G 
CLtDOPHGR~ GLOM£R~T~ (L.) KU~TZING 
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r<HIZOCLONitJM HIER1lGLYPHICUM ( C.A. AGARl>H ) KUTZ. 
JEDJGONALtS 
dUlBOCHAETE ~YGME~ PR1NGSHEIM 
dULBOCHtETE SP. O~ BARY 
uEOOGONIUM SP. tt·~i< 
:HA,e.LES 
CHARA FRAGILIS DESVAUX 
.. c LJhJut~ ~~ ~ ~r~ ~t ~s 
MCUGFUTJA frUTLANDIC~ <CL~VE) WITTRCCK 
MGUGf.JT A ~P. AGARDH 
SP!~JGY~A HYM~NAE BRITTON & SMITH 
SPli<llGYkA SP .. LINK 
)ES~IDt.L~S 
C C~MAldU-1 COSTATlJM r~LWDST. 
CCS~ARIUM DEPRESSUM ~EST&wEST 
CLSMARIUM BOTRYTIS M2~EGHINI 
CLSMAkIUM CUC;.JMI5 CCh<u.!. 
C f. S 1'1 A R I U M G A L E ~ I TU M N Gtf D S T • 
CGS~A~IUM GRLNATUM ~kEB. 
CGS~~~IUM NOTABILE BR~R. 
CCS~ARI~M OCHTHGIDES ~rsr & WEST 
COSMARIUM PS~UDUBRGCMEI W~LLE 
cus~~RIUM PSEUDOPROT~UB~RANS KIRCH. 
ccs~~~IUM PY~AMID,TUM BRE~ISSON 
c cs '":. K I u M ~ u .:. L) ~ t. Tu i·'. . I j, :: N E L - M .! K I E 
CCS~ARl0M SUBIMPRESS0LUM C~Df~CQEUTZ ~ G~JNBLAD 
CCSMA~I~M TtX!ChO~DPJM LU~O 
C CS M.:. R ILJ M T E iW E AR C H. 
C CS ... 1 A R I UM T UR t1 I '. I I k k ~- ~ I S ~ 0 ~ 
CLOST~~IUM AB~UPTUM (LfNG~.) BRfBISSON 
C LO~TtRIUM ACERiJSUM ( SCHi<~NK) Ei-i~ENBcKG 
C L u S T c R I U M LU NU L A N IT l S CH • 
C L (1.) L.: R I 'JM M iJN IL IF Ff:. U ·~ ~ H k E trn. 
CLU.>TcRIU~ Pt.RVULUM N~0. 
CLOSTtRfU,~ PSEU[JQf)JA"lt.E ROY 
C L (,.) T bU U ;'I T UM I GUM J J h NS 0 i, 
CHLJ~JPhYCEA~ PENIUM M!WGARIT~CEU~ (SH~.) 8~~B. 
P L N lU ; 1 t·~ A 1<. G A r\ IT AC E U M ( t H R • ) 6 '< :: B • 
STAil~AO~S~US PU~CTUL~TUN bRES 
'1 E S 0 T 1.. i: ;H ,.\ U· S 
C YL ! f'« JR LC ,... P S t C 0 N F Ff: T :. W • w i S T 
C Y L HW ~ i) C A P S t. G t M I td L l A w U L L ~ 
t· U Gl E ~ () Pt-i Y Cf .fl E 
f.UGLt: f\Alf:S 
EUGL~NA ACUS ~HREN. 
P h AC U ~ (J R B I C lJ L A ~ I S HU A ~1 E R 
TR!CHLO~C1-.t.S !.BPUPT.:. titFL;:.NDRi: 
TRtCHLCMO~AS HISPIG~ <PE~TYI STEIN 
P YKKh]PH'f C f:t. E 
~lf'IO lNALt.:.:> 
Cct-AllUt'. hli<UDlt-.i::LLA <O.F.M.) SCHtd.NK 
P ~ o I G I t.1 UM S P • E H 1U i-. ~ _ ~. (.; 
x .:. t .. Tti) p t-t '( c c: ... t 
. -H. T:: i< LS I~ HG~. Al ES 
V4UCHcf<1A LU~GIPES C'JLLINS 
Crl~YSJPhYClA~ . 
: HR Y'S u"UN ~ o,:. Lt: S 
t) I N J B k y fj N ( A M p A '"LI Lr~ s r I p I T ~ Tu M A H L s T R n M 
0Ih8KRYLN D!VERG~~S l~HOF 
MALLOMC~A~ ALPIN~ P~SHtR ~ PLlTTN~r 
M.!LLCl.1CNA~ Ht.LV!?TIC~ 
SYNU~A PETEkSt~II KO~~H 
JC H.( 0 MOl'iAt.>Al ES 
A t" T H iJ f> H Y S A V t: GE T ~ N S · ( MU L L • t S T E I 1~ 
CY .!.NOP HY: t l~ 
:t-tRJ:1COCC AUS 
U..;ACYSTIS :-1Q~HAt~A CLIGHTFCOT) C~OUET t. DAILY 
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t~A£~~ll~slH~~~~hf~r!M~~~YHlN£~s9ROUET & UAILY 
APHANl.lCAP$A PJLCHRA (KUTZ.) R~BlNHQP.3T 
ArH~NOHtECE CLNFERT~ RICHTER 
Ch~:OOCOCCUS GIG.t."H~U$ W. WEST 
C !1 ~ U 0 ~ CC. C U S M !r"• U T U S ( K U T Z. ) K l t3 £ ~ H • 
CH~OOCDCCUS t1UL TICOL ORATUS WOUO 
Cr~OOCOCCUS V~RIUS ~. BRAUN 
E~TJPHYSALIS CONFERTA DROUET t DAILY 
E f\ T 0 P t I Y 5 Al I S 1d V UL t. t= I S l K \J E T l I N G ) D E J u.: T 
GLEJC~PSA ALP I COLA <~Y~~.) BU~N(T 
G l f nc..:. p s A G L 0 ,1 E RAT,.'.. r<. u T z. 
G Ll1 t C;:. PS A Gk. t. :·~ 0 SA B = ~ K • t KUT l If", G 
GLOEC~P~A ~IGRESC(~S KU~TZING 
GLEOCAPSA POLYOERM~lICA KUTZING 
G L M PHU S P Hi: R 1 A W 1 C H l H·, A E. ( H 1 l S E • ) D Q, • & 0 A • 
ME~ ISMOPELI~ CONVOLUTA BREB. 
M~RISMCPEDI' GLAUCt <EHR.> N~G. 
11 ~ ~ IS MC f' E D I ll MAJ 0 Jo; () • M • S M I TH 
MtP.ISMuPEul~ PUNCTATA MEYEN 
~r~IS~CPEDIA TENUISSlrA LEMM. 
~lCROCYSTIS I~SE~Tt WEST 
PLEUQuCAPSA MINOR H~~SG. 
PCLtCtSTIS AERUGI~OSA KUTZ. 
PLLYCYSTiS .FIRMA (KlJTZ.) OR. & iJt.ILY 
:~A~~~SIPH~NALES 
. CbAMA~SIPHON lNC~LSllNS G~Uh. 
Ch4t1At:Sl.PHUN !-EGULA~IS GF.lTLcK 
OSCI LLATOt-.UU.S 
~~A8AEh~ CO~FcRVUll~S REINSCH 
B~GGl~TJA AMACHNOID~A (AG.) ~UH. 
CLLOTH~IX BP!UNII RGRNET & FLAH~ULT 
CALOTH~!X JULIANA ~LRN £FLAH. 
C.:.LJTHfdX .. MlNiMA fJ.;U·h' 
C A Lill H..: I X '. PA~ I ET ltl A (NAG. i THUR ET 
O~CrlUTt-tR.IX rlt..ur.:i-'.IA"':.. lGRUN.) ;;U~N ~ FLA.H. 
F lSt-tt:~cllt. AMUlr,UA PH1.~. t G(JMCJNT 
GLOETd::C.F. CO~iFLU!:."·lS M..:.G. 
LYNGBYA BIRG[I G.M. SMilH 
LYNGBYA DlGUETl GUM. 
L Y NG B Y ... H !E· I\ J 1-J '( M US I : L f: MM E R M ! N N · 
LYNGRYA LUTA <AGARDH) GOMONT 
LYNGBYA MAJC~ MEN~GHINI 
MICi<LlCuLEUS s:JCIATlJ~ w. & G.s. WEST 
Q~TJC t.~TUPHYTUM i~c~N. E. Fl.AH. 
HUSTOC PUN( TI FC~!-1'..: (KUT l. > H°"" IGT 
NuSTOC SPHA~kICU~ VAUCH. 
LlSCILLATORIA AMPHl~IA AGAkOH 
8~CJLL~TORIA MNGUSTISSIMA WEST & WEST 
OSCILLATORIA BREVlS KUTZ. 
OSCILL!TO~IA GEMINATA ME~tGHINI 
USCILLATOKIA LIMOSt (ROTH.) AG. 
JSCllLATORIA ?RINC~PS VAUCHE~ 
85CILLAT.OkI~ P~OLIFICA (G~EV!llit GOMONT 
USCILLATORIA TENUIS AG. 
PHOR~lOIUM AMBIGUU~ GOMONT 
PhURMICIUM INUNOATUM KUETZ1NG 
P ~10k~ ID I Ui'1 rH VcANi.J~ GRUNOW 
PHO~M IDlUM PETZ I I (AGAR OH) GOMONT 
SCYTONtMA TOLYPOTH~ICHOIDLS KUTZIN& 
SPIRULl~A MAJOR KUTZ, 
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~~l~8~i~t ~~~~~5~~M~f~~T~.YE~JERONYMUS 
T OL YPOThR IX COi'. GLUT I i~~T A t>ORU 
TCLYPOTHRIX JISTORT£ KUETZI~G 
TU.YPOTH?IX T~f\iUIS l'UTZING 
T " I CH 0 LH. SM I U ~ l AU C US T lo{ E Kl E 8 A ti N 
P HCJOU!> H YC E AE 
~EM~L IONALES 
AST=~UCYSTIS R~MOSA (TH~AIT~S• GOBI. 
ADClUI;J£LL1" VIOlACEA KUTZ. 
C f1R lJ() D~C T YU!N n. MUS ui·~ e IT Hw A IT c ) H.H~S ~. 
CGMPSOPGGUN COERULEUS (RALBISJ MO~Tt3~E 
CGMPSQP[GONOPSlS LEPTCCLAOOS KIRSrl. 
LlMANEA ALSTRALIS AIKINSCN 
~4CILLA~IJPHYCEAE 
ACHNA~l~ES ~~UCKl~NA GRUNUW 
A (. H N A N T h c 5 l ;'1 F l t. T A K U f Z • 
l(HNANlh~S lANCEOLATA BREB. 
6C~·~A~TbES ~I~UTISSI~~ kUTZ. 
A~PrllPLEUkA ?ELUCIDA KUTZ. 
C~LJ~EIS VENTRIC05A t~Hk, > M~IST 
COCCON~IS DlSC~LUS SCHUM. 
CUCCONEIS P~DICULUS ~HR. 
COCCONtIS PL~CUtTULt.. i=.rlR. 
COCCCHEIS RU~GSA SOV. 
COCCONL:IS Sl-UTELLUM t:HR. 
CY~:..TOPLEU~A Ct..MPLO: 15CUS BAIL. 
cv~;..TuPLcUR! ELL"IPTICA (b~EB.> w. SMITH 
C Y ~ ! ~ T U P L r. l 1 R ,.:. S C l : .'.. ( :H; E B • ) \-. • S I~ IT f-' 
YMB~LLA AFFINlS KUTZ. 
CYM~ELLA LAEVIS N3EG. 
C Y M 8 ,: L LA P !) 0 $ n~ t. T ~ C •1: I< K E L = Y ) C L EV t 
C Y M a f L L,,:. S I t .tJ A T t. G R t •JU R 'f 
CYMSELLA TU~IOA (8Rld.) VJN HUERCK 
CYM~ELL~ TUFGlGA (G~~GO~Y) CLEVE 
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ANALYSIS OF FECAL CONTAMINATION 
A study was conducted in order to determine the magnitude and 
source of fecal contamination in a selected section of the Buffalo 
National River. This was considered to be important because, during 
previous sampling studies, some locations in the river system were 
found to contain high concentrations of fecal bacteria. 
The Arkansas Water Quality Standard for surface water suitable 
for primary contact recreation states: "Based on a minimum of not 
less than five samples taken over not more than a 30 day period, the 
fecal coliform content shall npt exceed a log mean of 2Q0/100 ml. nor 
shall more than ten percent of the total samples during any 30 day 
period exceed 400/100 ml" (Arkansas Department of Pollution Control 
and Ecology, 1973). 
Procedures 
In order to compare the results of this study with the Arkansas 
Water Quality standards, ten separate sampling trips were taken to 
the Buffalo National River within a 30 day period between July 16 
and Augus~ 12. During each trip samples were collected and analyzed 
for fecal coliforms, fecal streptococcus and turbidity in a stretch 
of the river between Pruitt and Hastey, Arkansas. Figure 5 shows 
the location of the study area·. 
Table 4 gives the location of each of the sampling stations. 
Stations Bl, B2. B3, MC and LB were each sampled ten times during 
the study. Stations Al throug~ AlO and Cl through C4 were sampled 
only once during a float trip taken on August 5. The A samples were 
Note: . The log mean L of a set of N numbers X1, X2, X3, ---, XN is the N the 
root of the product of the numbers. This is the same as the geometric mean. 
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Location of Sampling Sites on 
Buffalo National River 
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TABLE 4 
SAMPLE LOCATIONS 
NUMBER SAMPLE LOCATION 
. Bl Buffalo Ri~er at Pruit above confluence with Mill 
Creek 
B2 Buffalo River 
B3 Buffalo River at Hastey low water bridge 
MC Mill Creek above Confluence with Buffalo River 
LB Little Buffalo River approximately 1.5 miles 
upstream from confluence with Buffalo River 
Al Same as Bl 
A2 Buffalo River ~mile below Bl 
A3 Buffalo River 1 mile below Bl 
A4 Same as.B2 
AS Buffalo River~ mile below B2 
A6 Buffalo River 1 mile below 82 
A7 Buffalo River 100 yds above confluence with 
Little Buffalo 
AS Buffalo River ~mile below A7 
A9 Buffalo River~ mile above B3 
AlO Same as B-3 
TRIBUTARY 
SAMPLE TRIBUTARY LOCATION 
Cl Same as MC 
C2 Creek on East Bank 3/4 mile below Bl 
C3 
C4 
Little Buffalo River 
Creek on East Bank 3/4 mile below C3 
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RIVER 
MILE 
103 
101 
96 
103 
99 
103 
102.5 
102 
101 
100.5 
100 
99 
98.5 
96.5 
96 
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MILE 
103 
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taken in ·the Buffalo National River and the C samples were taken in 
tributaries just upstream from the· confluence with the Buffalo River. 
Sampling cons.iSted of collecti.ng water in two autoclaved polypro-
pylene bottles. These bottles were stored in a styrofoam chest until 
they were returned to the lab.· One of.the bottles was used for tur-
bidity measurements inunediately upon returning to the lab. The second 
bottle was stored in a refrigerator for bacterial analysis. The 
bacteria samples were processed within twelve hours after returning 
to the lab. Turbidity was measured using a model 2100A turbidimeter 
manufactured by Hach Chemical Company. Fecal coliform and fecal strep-
tococcus concentrations were measured according to the membrane filter 
procedure as set forth in Standard Methods (American Public Health 
Association, 1971). The concentrations of fecal bacteria are reported 
as number of organisms per 100 ml. of water. 
Results 
The fecal coliform and fecal streptococcus concentrations for 
stations Bl, B2, B3, MC and LB are shown in Tables 6 and 7 • Fecal 
coliform concentrations for the Buffalo and Little Buffalo rivers are 
shown graphically in Figure 6. All concentrations in the Buffalo 
river were less than 400 coli per 100 ml. and the log mean concentra-
tions for all were less than 200 coli per 100 ml. The fecal coliform 
concentrations on Mill Creek and the Little Buffalo are shown on Figure 
7. The concentrations on Mill Creek are generally higher than the 
other stations and exceeded 400 coli per 100 ml. on both August 5 and 
6th. However, the log mean is.still less than 200 coli per 100 ml. 
Fecal Coliform - Fecal Streptococcus ratios are shown in Table 5. 
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Fecal Coliform Concentrations on Buffalo 
River (16 July - 12 Aug, 1975) 
40 
..-
E 
0 
0 
...... 
......... 
V') 
E 
V') 
.,... 
c: 
co 
t:n 
s.. 
0 
V') 
E 
s.. 
0 
. tf-
.,... 
..-
0 
u 
..-
co 
u 
QJ 
LL. 
100 0 
50 LOG MEAN 
20 
0 
10 
5 
2 0 
1 0 
104 102 100 98 96 
MC LB 
River Miles 
Figure 7: Fecal Coliform Concentrations on Little 
Buffalo and Mill Creek (16 July-12 Aug, 1975) 
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TABLE 5 
FECAL COLIFORM - FECAL STREPTOCOCCUS RATIO 
SAMPLE NO. 
Sample 
Bl B2 B3 MC LB Date 
16 July 75 0.6 1.8 0.8 
18 July 75 
21 July 75 0.8 0.8 0.4 0.8 
~ 
23 July 75 0.9 0.5 0.9 0.6 
28·July 75 0.4 1. 9 1. 7 
30 July 75 1.6 0.8 0.7 1.2 
3 Aug 75 0.6 0.5 0.4 0.5 
5 Aug 75 0.8 2.9 
10 Aug 75 2.8 2.8 2.9 0.5 
12 Aug 75 0.9 1.2 1.1 1.8 
Average 1·.2 .1.0 1.4 1.0 
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Only concentrations of organisms of 10 or greater were used in the ·cal-
culation because· of the lack of accuracy of the lower values. The 
average ratios were all less than 1.5 and only four of the 32 calculated 
values were larger than 2.0 
Water con.taining ratios of fecal coliform to fecal streptococcus 
greater than 4 are assumed to be contaminated by human feces, while 
.ratios 1 ess than 1 generally indicate non-human animal contamination · ( 3). 
Therefore, it appears that most of the contamination in the test area of 
the river was of non-human origin. 
Turbidity in the river is shown on Table a. All the measu.red 
turbidities were less than 10 JTU and the average turbidity at all 
stations was less than 5. These turbidity values are all low. 
The results of .samples taken during the float trip on August 5 are 
shown numerically in Table 9 and graphically in Figure 8. In general, 
the fecal coliform concentrations showed a decreasing trend in the down-
stream direction and the concentrations for the tributaries were higher 
than in the main river. These observations are also apparent in the full 
study as shown in Figure 6 and Figure 7. Two of the three tributaries 
sampled had fecal concentrations in excess of 400 coli/100 ml. However, 
all other concentrations were relatively low. 
Discussions of Results 
The fecal coliform concentrations in the Buffalo National River 
and in the Little Buffalo River were generally lower during the sampling 
period than concentrations measured during previous studies. Furthermore, 
a 11 of the feca 1 coli form - fecal streptococcus concentrations were 1 ow, 
indicating predominately non-human contamination. 
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TABLE 6 
FECAL COLIFORM CONCENTRATIONS (organisms/100 ml) 
SAMPLE NO. 
Sample 
Date Bl 82 83 MC LB 
16 July 75 20 12 2 120 25 
18 July 75 5 7 2 
21 Ju.1y 15 38 34 4 76 16 
23 July 75 23 24 8 270 19 
28 July 75 6 10 8 260 40 
30. July 75 34 20 9 260 33 
3 Aug 75 70 280 5 360 41 
5 Aug 75 40 8 16 660 1 
10 Auq 75 31 95 19 500 13 
12 Aug 75 39 38 5 ·210 91 
Loq Mean 28 25 7 160 20 
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TABLE 7 
FECAL STREPTOCOCCUS CONCENTRATIONS (organisms/100 ml) 
SAMPLE NO. 
Sample 
Date Bl 82 83 MC LB 
16 July 75 2 20 2 68 33 
18 July 75 3 15 4 63 8 
21 July 75 47 42 10 210 21 
23 -July 75 25 44 29 308 31 
28 July 75 19 24 13 140 23 
30 July 75 21 25 9 370 27 
3 Aug 75 120 530 35 820 82 
5 Aug 75 47 21 2 230 26 
10 Aug 75 11 34 5 170 24 
12 Aug 75 41 33 18 240 51 
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· TABLE 8 
TUR8 ID ITV ( FTU) 
Sample SAMPLE NO. 
Date Bl 82 83 MC LB 
16 July 75 2 1 3 3 2 
18 July 75 3 2 3 4 4 
21 July 75 2 2 2 3 3 
23 July 75 2 2 3 2 3 
28 July 75 2 2 2 2 3 
30 July 75 2 2 2 2 3 
3 Aug 75 3 8 1 9 3 
5 Aug 75 2 2 2 5 2 
10 Aug 75 2 3 2 3 2 
12 Aug 75 ·2 3 2 9 3 
Average 2.3 2.7 2.3 4.2 2.8 
.... 
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TABLE 9 
SAMPLES TAKEN AT FLOAT_ TRIP ON 5 AUG., 1975 
Fecal Fecal- Fecal Coliform 
Sample River Coliforms Streptococcus Fecal Streptococcus 
·# Mile (organ i sms/100 ml) (organisms/lOOml) Ratio 
Al 103 40 47 0.8 
A2 102.5 100 62 1.6 
A3 102. 17 38 0.5 
A4 101 8 21 
AS 100.5 26 23 1.1 
A6 100 11 12 0.9 
A7 99 36 21 1.7 
AS 98.5 27 10 2.7 
A9 96. 5 5 10 
AlO 96 16 2 
Tributary 
Sample # 
Cl 103 660 230 2.9 
C2 102 1100 940 1.2 
C3 99 1 26 
C4 98 77 21 3.7 
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River and Tributaries (5 Aug, 1975) 
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One possible explanation.for these results in the installat;on of 
a sewage treatment plant at Jasper, Arkansas, on the Little Buffalo. 
This treatment plant was not.in operation during previous studies and 
its installation could have effectively reduced the human contribution 
of contamination to the Little Buffalo and in the Buffalo River below 
the confluence with the Little Buffalo. 
Comparison with Other Surface Waters 
Much of the surface and shallow ground waters in the Arkansas Ozarks 
contain fecal coliform bacteria. Frequently, measurements in excess 
of 200 coli/100 ml are recorded. For example, the following data is 
available for fecal contamination on the Caddo River at Glenwood, 
Arkansas for the period of September, 1974 to February, 1975. The Caddo 
River is located in the Ouachita Mountains in Southern Arkansas. The 
value of fecal contamination for the period mentioned above were: 3170, 
30, 20, 26, 4, 40. The first data point is obviously related to a 
storm event and the other data represent base or low flow data. The 
log mean value of these six values is 17.0 which compares to values 
of 28, 25, and 7 for the Buffalo River. However, notice. that the log mean 
value for Mill Creek is considerably higher, being 160. 
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GEOCHEMISTRY OF.SEDIMENT AND WATER 
Bottom Sediments, ·sample Collection artd P~eparation 
A canoe float trip was taken May 13-i-6, 1975 on the Buffalo 
River from Ponca to Highway 65 Bridge. A total of 54 bottom sediment 
samples - 25 from the river and 29 from the tributaries - were collected 
(Table 10). These samples were taken from river mile ·121.6 to 59.7. 
r 
Samples were collected from stations shown in-Figure 9 May 13, July 18, 
September 19-20, and December 10. Samples were also collected from 
tributaries in the Ponca and Rush areas July 18-19. The· samples were 
collected near shore in relatively shallow water. They were dried ·and 
I 
sieved through a 95 mesh nylon screen. One gram of the -95 mesh material 
was treated with 2 ml of aqua regia for 13 hours, diluted to 50 ml· 
and analyzed by.atomic absorption spectrometry according to reconunenda-
tion of Perkin-Elmer Corporation (1970). 
Broad Sampling 
In general, the metal content of the sediments continues to refl~ct the 
geology of the river,· (Table.ll), Steele, et al., 1975) .. Sodium 
(Fig.10) and potassium (Fig. 11) ·back.ground leve.ls remained about the same, 
increasi~g upstream as a result of the shale environment. The average level 
for new _samples for sodium showed a slight decrease from previous values at 
Station 2, but s~ill fell well within the range previously reported. The 
potassium level ·showed a definite increase at Station 1, from ·a previous 
average of about 220 ppm to a new average of 240 ppm. 
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Table 10. Location of samples for close sampling of the upper part of the 
Buffalo River. Samples from the main stream of the Buffalo River 
are indicated by BR, all other samples are from tributaries. 
Sample Number 
F-1 BR 
F-2 
F-3 BR 
F-4 
F-5 BR 
F-6 
F-7 
F-8 BR 
F-9 
F-10 BR 
F-11 
F-12 
F-13 
F-14 BR 
F-15 
F-16 
F-J.7 BR 
F-18 
F-19 
F-20 BR 
F-21 
F-22 
F-23 BR 
F-24 
F-25 BR 
F-26 
F-27 
F-28 BR 
F-29 
F-30 BR 
F-31 BR 
F-32 
F-33 
F-34 BR 
F-35 
F-36 
F-37 
F-38 BR 
F-39 BR 
F-40 BR 
F-41 
F-42 
F-43 
F-44 BR 
F-45 BR 
Location Description 
Bee Bluff 
Beech Creek 
Jim Bluff 
Sneed Creek 
Li ck Ford 
Bear Creek 
Clemmons Hollow 
Camp Orr 
Shop Creek 
1.0 mile above Erbie Ford 
Cecil Creek 
Webb Branch 
Conard Fissure 
0.3 miles below Conard Fissure 
Sawmi 11 Hollow 
Brown Cemetery 
Pruitt 
Mill Creek 
Little Buffalo River 
Lost Hill 
Unnamed Creek 0.8 miles above 
Hasty low water bridge 
Sheldon Branch 
0.1 miles below Sheldon Branch 
Elm Spring 
Carber 
Big Creek 
Hancock Hollow 
0.6 miles below Hancock Hollow 
Lick Creek 
0.4 miles below Lick Creek 
1.0 miles above Davis Creek 
Davis Creek 
Mi 11 Branch 
1.0 miles below Mt. Hersey 
Cave Creek 
Cane Branch 
Small Creek 1.3 miles below 
Ccwe Branch 
1. 5 mi 1 es be low Ccwe Branch · 
2.4 miles below C~e Branch 
Richland Valley 
Roughedge Hollow 
Richland Creek 
Jamison Creek 
1.9 miles below Richland Creek 
White Ford 
Miles from White River 
121 .6 
119. 1 
118. 1 
117 .1 
115.6 
114. 2 
112. 8 
112. 6 
111.8 
110 .1 
109. 1 
108.9 
107.5 
107.2 
103.9 
103.2 
100.9 
100.4 
97.0 
96.7 
94.3 
92.7 
92.6 
90.9 
89.8 
89.6 
87.5 
86.9 
86.5 
86. 1 
84.0 
83.0 
82.9 
81.9 
80.6 
79. 1 
77.8 
77.6 
76.7 
75.8 
75.7 
74.5 
73.2 
72.6 
70.0 
·Tab 1 e 10 Continued 
F-46 
F-47 BR 
F-48 
F-49 BR 
F-50 BR 
F-51 
F-52 BR 
F-53 
F-54 BR 
Creek at Slay Cemetery 
2.9 mi.Jes below White Ford 
Rocky Hollow 
Red Bluff 
Arnold Bend 
Calf Creek 
0.3 miles below Calf Creek 
Mi 11 Creek 
Buck Point 
68.2 
67. 1 
65.4 
65. 1 
63.2 
61.6 
61.3 
60.8 
59.7 
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Table 11. Bottom sediment data for seven stations on the Buffa1o River (ppm except Fe 
which is weight percent). River miles in in ( ). 
Station Col. Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Pb Mn 
Date 
M 14 169 555 436 2.08 9 15 . 16 5 36 Ll 17 700 
Box1ey J 
(130) s 40 302 682 625 4.84 15 35 29 13 "75 0.7 22 1355 
D 26 249 683 600 4. 19 18 24 27 10 64 0.3 . 23 1168 
Average · 27 240 640 554 3.70 14 25 24 9 58 0.7 21 1074 
·1A J 15 105 2625 183 1.06 6 12 15 31 0.5 4 346 
Ponca. 
( 120) 
2 M 13 117 898 404 1. 20 6 12 . l 4 3 44 1.1 9 _. 713 
Pruitt J 15 262 5150 606 . ·2. 71 11 14 17 . 7 74 1 . 1 20 .591 ( 101) s -
D . 12 135 1463 "400 1 .· 51 8 13. 15 4 54 0.6 14 ... 478 
Average 13 171 2504 470 1. 81 8 13 15 5 5.7 0.-9 .14· 594 
4 s 19 184 1113 363 1. 76 8 14 19 5 46 0.6 25 419 
. Hasty 
(94. 1) 
5 M. 13 87 683 163 .a.Br 5 13 l3 2 30 . 0. 7 .13 144 
Gi 1 be rt J 11 107. 1425 218 o.84 7 11 10 2 32 0.7 6 71 {55 .. 2) . s 11 104 947 218 0.99 7 10 10 4 35 0.5 13 258 
D 7 104 1815 203 o.86 5 10 14 3 34 o.8 14 301 
Average 11 101 1i18 201 o.88 6 11 12 3 33 0.7 12 194 
7 M 9 101 1200 486 0.73 4 10 10 2 56 .0.7 15 242 
Buffa lo J ·12 128 7575 . 521 o.89 7 12 8 3 97 .0.7 6 215 
· Pt.· s 
{31 . 4) D 3 64 1072 159 0.62 5 9 10 2 36 0.4 7 229 
Average .. 8- 92 3282 389 0.75 5 10 9 2 63 o .. s 9 229 
8 s 20·. 77 9400 1688 0.79 8 9 10 . 6 658' 3 13 186" 
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Iron continued to show an increase in concentration upstream, as did 
the iron - associated elements, Cu, Co, Ni, Cr and Mn (Figi. ~-17). Com-
parison of 1974 and 1975 data showed several variations. Iron, copper and 
manganese showed a decrease in average concentrations at Station 5 (Fi9s. l~ 
13 and17). Nickel and chromium showed an increase in average concentrations 
at Station 5 (Figs. 15and16). The average level for cobalt at Station 5 
remained the same as previously reported (Steele, et al, 1975). All of the 
iron and iron-associated elements showed definite increases in concentration 
over those values previously reported for Station 1, possibly indicative of 
increased contribution of clay and shale particles at this location. 
The concentrations of calcium and magnesium continued to show a slight 
increase downstream, a reflection of increased limestone and dolomite in this 
region. There were no significant changes in the background levels for the 
new samples as compared to previously reported values. Zinc and cadmium 
background levels for the new samples remained consistent with previously re-
ported data (Steele, et al, 1975) with no anomalous values being recorded. 
Lead, however, showed very high concentrations at Station 5, and higher than 
average readings at Stations 1, 2, 4 and 8. The readings at Stations 1 and 2 
reflect the geology of the river, but the high concentration of lead at 
Station 5 cannot be accounted for at this time. 
Close Sampling 
Data for close sampling of river miles 121.6 to 59.7 are presented in Table 
12and several individual element trends are discussed below. 
1. Sodium 
This element averaged about 12 ppm, with a high of 27 ppm and a low of 
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Table 12. Bottom sediment data for close sampling of the Buffalo River and tributaries. 
All values are in ppm except Fe which is in weight percent. Sample locations 
are given in Table 1. 
Sample Na K Ca Mg Fe Co Cr Ni Cu Zn CD Pb Mn 
F-1 20 248 2525 1178 J.30 9 23 18 6 117 2.40 51 508 
·F-2 19 203 12825 1230 1.50 12 12 19 8 86 0.55 34 1996 
F-3 5 122 475 463 1.86 5 13 5 3 71 1.30 13 433 
F-4 24 171 31500 1003 2. 13 12 9 20 . 7 41 0.80 18 1352 
F-5 8 145 1200 608 1.95 10 12 15 6 85 9.8 21 362 
F-6 22· 198. . 4325. 1000 2.88 10 20 13 6 .73 0.71 19 5.3 
F-7 15. 193 1755 735 2.29 8 17 12 6 74 1.85 10 508 
F-8 58 445 60500 968 4.82 19 22 32 11 82 2.80 30 1085 
F-9 9 122 900 530 1.46 8 15 14 4 55 0.52 7 390 
F-10 15 187 873 630 1.95 4 14 6 6 67 0.41 12 522 
F-11 26 280 9000 968 1. 70 16 15 35 10 76 2.02 31 1773 
F-12 · 19 28'3 9375 445 2. 13 17 62 19 9· 71 . 0.55 27 2088 
F-13 41 233 166750 380 o.49 31 7. 34 9 23 2.95 41 1752 
F-14 13 146 1200 500 1.85 6 14 23 8 57 . 1. 30 10 467 
F-15 11 .108 1513 323 . 1.11 7 10 8 - 5 67 0.39 9 145 
F-16 23 202 2140 628 2.23 . 10 6 5 6 68 0.46 8 616 
F-17 11 143 693 365. . 1 . 61 7 15 10 2 54· 0.42 0 229 
F-·18 11 85 31200 436 0.50 2 7 11 4 43 1. 41 25 431 
F-19· 11 187 1893 363 1. 70 4 16 5 6 46 1.30 12 463. 
F-20 15 . 157 .1375 401 1. 19 7 14 15 5 . 48 0.29 6 329 
F-21 24 200 22000 1073 0.90 8 11 16 5 36 0.97 26 865 
F-22 19 336 1225 563 2.68 12 19 22 8 67 0.42 13 819· 
F-23 7 107 565 235 ·1. 02 5 12 8 2 39 . 0.00 6 170 
F-24 18 156 2410 280 1.34 10 15 12 3 46 0.51 0 272 
F-25 9 149 2625 463 1.24 8 12 12 3 44 0.42 5 359 
F-26 35 327 5625 503 2.28 11 19 15 9 52 0.80 12 714 
F-27 14 256 4625 600 1.0.8 13 11 12 6 58 0.42 15 757 
F-28 .27 254 15850 1313 1.99 6 19 11 6 56. 1.JO 8 1003 
F-29 . 25 356 . 6175 563 1. 73 8 16 . 25 11 119 1. 35. 10 272 
F-.30 14 117 J605 483 1.35 5 10 10 4 59 0.40 12 349 
F-31 . l1 72 873 335 1.09 8 15 13 5 48 0.59 10 390 
F-32 32 168 24200 1620 0.54 6 7 17 6 403 4.08 0 437 
F-33 31 149 21375 1385 0.30 ·a 5 9 5 145 1.52 5 259 
F-34 7 153 . 1538 463 . 1.04 6 16 13 4 44 1. 30 1 390 
F-35 19 219 6525 1165 1.45 10· 14 . 21 7 108 . 0. 55 18 497 
F-36 20 190 6250 · 1000 1. 11 6 11 12 6 50 1.85 19 302 
F-37 19 284 6275 1208 1.60 9 17 8 7 115 1.64 18 640 
F-38 21 120 . 9075 1038 0.39 5 17 12 15 2285 0.92 3 261 
F-39 16 220 .2140 578 1.56 9 13 9 6 57 0.55 13 659 
F-40 18 133 1.665 600 1.04 6 12 71 4 100 0.79 18 374 
F-41 30 213 653 385 0.56 8 6 8 14 . 24 0.20 8 437 
F-42. 13 192 763 295 1.44 9 18 17 6 54 1.47 2 377 .) 
, F-43 28 209 2383 673 1.60 8 14 15 8 73 o. 39· 32 422 
F-44 23 172 1473 430 1.54 5 16 16 3 53 1.30 14 597 
F-45 16 . 108 653 265 1.04 7 11 20 5 49 1.47 9 218 ~ 
F-46 22 . 312 3725 395 2.24 12 20 13 8 90 0.93 14 1142 
F-47 7 " 124 . 965 366 1.09 . 12 13 13 4 45 0.62 0 198 F-48 14 2 ll · 475.0 401 1.55 6 16 21 ·5 61 1.45 11 623 
F-49 7 118 515 198 0.99 8 12 3 3 45 1.88 8 259 
F-50 4 105 435 235 0.88 6 10 3 2 36 Q.46 0 216 
59 
Tab 1 e 12 Continued 
Sample Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Pb Mn 
F-51 15 179 2750 1905 1.12 13 10 12 7 33 0.40 15 497 
F-52 7 112 1655 295 0.95 2 10 14 5 33 1. 18 3 218 
F-53 22 196 40500 563 0.91 7 11 10 5 80 2.28 12 609 
F-54 11 157 1803 295 1.15 6 16 12 4 43 0.67 6 216 
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4 ppm. No anomalous values occurred. The 12 ppm average does not exceed 
the expected background level for sodium. 
2. Magnesium 
Downstream the amou9t of extractable magnesium showed a general decrease, 
from 1178 ppm at Bee Cliff to.198 ppm at Red Bluff. Two high peaks occurred, 
one 0.6 miles below Hancock Hollow a~d the other 1.5 miles below Cane Branch 
(see Fig. 23). The average value for magnesium over the section of river 
sampled was about 450 ppm. The two peaks probably reflect increased contact 
with dolomitic rock in these areas. 
3. Calcium 
The average extractable calcium cont~nt of the sediments remained fairly 
steady over the river, with the exception of two high values recorded at the 
same locations as were the two high values for magnesium. A plot of calcium 
versus magnesium along the river (Fig. 23) shows a strong correlation between 
the two, thus indicating that much of the calcium and magnesium found in the 
sediments is a reflection of the dolomite and limestone units in the region. 
4. Copper 
Extractable copper shows a slight general decrease down river, from 6 ppm 
at Bee Cliff to 4 ppm at Buck Point. A high value of 15 ppm was recorded 1.5 
miles below Cane Branch, but this is an anomalous value. Disregarding this 
value, the concentrations range from 8 ppm 0.3 miles below Conard Fissure to 
2 ppm at Arnold Bend. The gradual decrease downriver is probably due to a 
reduction in the amount of shale found downstream, since shale is known to 
contain more of the heavy metals and iron than other sedimentary rock types. 
5. Ni eke 1 
Nickel showed a wide variation in concentration along the river, and no 
general trend could be discerned. This in itself is unusual, since nickel 
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Figure 23. Calcium and magnesium versus river miles. Confluence of 
Buffalo River with White River is at zero river miles. 
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would be expected to follow the general pattern set by copper and other iron-
associated elements. An anomalous value of 71 ppm was recorded at Richland 
Valley, and several other high values were recorded further down the river, 
all of which could be considered higher than would be expected for that region. 
The higher values upstream are probably due to the greater frequency of shale 
in the drainage area upstream. 
6. Chromium 
This element showed a general decrease downstream, ranging from 23 ppm 
at Bee Cliff to 16 ppm at Buck Point, with average concentrations decreasing 
from 18 ppm upstream to 10 ppm in the lower section of the river. This de-
crease again reflects the higher shale content of the rocks upstream. No 
anomalous values were recorded. 
7. Cadminum 
Cadmium showed a rapid decrease in concentration between Bee Cliff and 
Sheldon Branch, dropping from 2.4 ppm at the former to 0 ppm at the latter, 
with only 2 peaks in between (Fig. 24). One of these peaks, at Lick Ford, 
was 9.8 ppm, far higher than any other value ever recorded for cadmium anywhere 
along the entire length of the river. High values for zinc were also recorded 
at this sample location (Fig. 24) which may be indicative of localized min-
eralization. This possibility is supported by the close correlation of cadmium 
4nd zinc concentrations immediately downstream reflect a common source. Cadmium 
is associated with sulfide ores in the area. 
From the low value of 0 ppm below Sheldon Branch, the cadmium content in-
creases to an average of about 
8. Lead 
ppm, and remains fairly constant thereafter. 
There is a gradual decrease of lead going downstream with a low value of 
0 ppm at Pruitt and a somewhat higher than average value of 18 ppm at Richland 
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Valley. The average concentration ranges from about 20 ppm upstream to about 
7 ppm in the lower region of the river (Fig. 24). The higher values upstream 
are probably the result of the known lead deposits in that region. 
9. Zinc 
Zinc concentrations showed a definite decrease downstream, from 117 ppm 
at Bee Cliff to 43 ppm at Buck Point (Fig~ 24). An intermediate low of 39 ppm 
was recorded at below Sheldon Branch, and two high peaks were recorded further 
downstream, 2285 ppm below Cane Branch and 100 ppm at Richland Valley. 
10. Manganese 
Manganese shows a general decrease in concentration going downstream, 
from 508 ppm at Bee Cliff to 216 ppm at Buck Point. Several intermediate high 
values occurred, most notably 0.6 miles below Hancock Hollow (1003 ppm) 2.4 
miles below Cane Branch (659 ppm), and 1.9 miles from Richland Creek (597 ppm). 
A plot of manganese versus iron along the river (Fig; 25) shows a strong cor-
relation between the two. 
11 . Iron 
Iron showed a general decrease in concentration downstream, with values 
ranging from a high of 3.3 wt. % at Bee Cliff to 1.15 wt. % at Buck Point 
(Fig. 25). This again is thought to be due to the greater shale occurrence 
upstream. Shale contains more iron and iron related sediments than do other 
rock types in the area, and the general decrease in most of these elements 
downstream can be related to the fact that there are more fine particles of 
shale and clay from the shale upstream, plus the fact that the groundwater 
drainage upstream is in.contact with more shale. These two factors would tend 
to increase the heavy metal content of the sediments in this area. 
Tributaries 
A total of 29 samples were collected from various tributaries from river 
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mile. Most of them have significantly higher concentrations of trace metals than 
did the Buffalo River (Table 12). No correlation could be made between anomalous 
highs along the Buffalo River and concentrations in nearby tributaries. High 
values in the tributaries appeared to have little or no effect upon the concentra-
tions in the river below the confluences. This may be due to the rapid diluting 
effects of the river, as reported by Steele, et al (1975). 
In summary, the following elements were analyzed in the -95 mesh fraction of 
the bottom sediments: Na, K, Ca, Mg, Fe, Co, Cr, Ni, Cu, Zn, Cd, Pb and Mn. These 
analyses are swnmarized in Tables 2 and 3. The element concentrations exhibit trends 
along the river as shown in Figures 2-17 and trends generally correlate well with 
the geology of the river. Sodium and K values increase downstream where feldspar· 
(rich in Na and K) is present.in sandstone. Iron and the iron associated metals 
(Cu, Co, Cr and Mn) increase in concentration downstream probably due to precipitation 
and to sorption by the precipitated Fe oxide coating on sediment grains. An interesting 
exception to this is Ni, which varies widely in concentration, with no discernable 
trends. Calcium. and Mg decreased in concentration downstream, with occasional 
simultaneous increases to high values, indicative of the presence of limestone and 
dolomitic rocks in those regions. Tributaries showed consistently higher concentra-
tions of all trace elements studied, but no apparent correlations of these high 
concentrations to anomalously high values in the river proper could be made. 
Detailed Investigation in Two Mining Areas 
Bottom sediment· samples were collected from Ponca Creek - Adds Creek on July 18, 
1975 and Clabber Creek on July 19, 1975. These two tributaries are in mineralized 
zones and were sampled in an attempt to define the source of anomalous element values 
associated with these streams. Elemental concentrations in the streams reflect the 
mineralization of the area. In the Ponca mining district lead and zinc ores have 
been removed while in the Rush mining district, through which Clabber Creek flows, 
zinc ores were mined. Cadmium is closely associated with zinc ores. These three impor~ 
tant metals-lead,zinc and cadmium-have been plotted in Figs. 26-31. These figures show 
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Figure 29. Lead concentration of bottom sediments from Ponca and Adds Creeks. 
Values in ppm. 
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Figure 30. Zinc concentration of bottom sediments from Ponca and Adds Creeks. 
Values in ppm. 
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Figure 31. Cadmium concentration of bottom sediments from Ponca and Adds 
Creeks. Va1ues in ppm. 
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the streams in relationship to known mines and prospect sit~s. The other 10 
elements which have been analyzed (Table 13and14) show no trends along 
the streams nor association with mineral deposits and therefore have not 
been illustrated. 
Zinc analysis of bottom sediment from Clabber Creek shows that the upper 
part of the stream has a background level about 30 ppm. ln~rease in the zinc 
concentrations occur downstream where mineralization is indicated by the mines 
of the area (Fig. 26). The increase in values between Sample 1 location and 
Sample ·2 location on Clabber Creek is attributed to the influence of the 
Leader Mine on the east side of Clabber Creek (in Leader Hollow). 
Cadmium generally follows the increased zinc with higher values down-
stream "(Fig. 27 ). The absence of high lead values is due to the lack of lead 
mineralization in the area (Fig. 28 ). The low zinc values in the vicinity of 
Blue John Creeks show why none of the prospects had been developed (Fig. 26). 
The Ponca City area has major lead mineralization; however, some zinc 
ores have been produced. The two ore minerals are generally found· in the same 
horizons·and the trends for lead and zinc are similar ... In the Ponca area the 
upper reaches of the stream.reflects back_ground levels· (J=:igs.29-:U ). Down-
stream higher values are encountered where the stream crosses mineralized 
zones. Sample· location, Adds 2, immediately below .the mines shows-very high 
values for lead, zinc and cadmium. Dilution reduces the anomalous concentra~ 
tions at ·sample location, Adds 1, almost to background levels. (Figs_. 29-31 ) . 
Samp 1 e locations, Ponca 4 a·nd 5, have 1 ow va 1 ues; however, Ponca 3, which is 
located immediately below the junction Adds Creek with Ponca Creek, has the 
highest values ~f any location 9n the stream s~stem. Between Ponca 4 and 
Adds 1 and Ponca 3 an anomalously high concentration of zinc and lead is in-
troduced (Figs. 29 and 30). The source of the elements could be from the old 
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~ Table ll Bottom sediment data for samples collected in Ponca Creek 
area. All values are in ppm except Fe which is in weight 
percent. See Figure 18 for sample locations. 
Sample No. Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Pb Mn 
Ponca 31 282 37500 464 1.09 16 14 25 9 1205 4.27 212 1496 
Ponca 2 28 322 16200 366 2.64 17 12 28 11 · 1375 5.84 240 1701 
Ponca 3 5 66 5900 154 1.26 6 8 16 ·6 3500 14.63 1600 653 
Ponca 4 47 403 55000 1471 3.85 20 17 38 11 68 1.99 30 1829 
Ponca 5 43 423 44600 1155 3.61 25 17 42 12 78 1.82 14 2727 
Adds 25 272 3575 322 2.55 28 7 48 11 260 2.70 51 1853 
Adds 2 83 557 5525 323 3. 18 19 10 38 17 1725 5.90 452 799 
Adds 3 24 162 343 227 3.25 20 18 28 7 48 0.40 13 1583 
Adds 4 27 350 1343 161 3.58 20 12 29 9 69 0.80 15 1456 
Adds 5 37 262 5500 414 5.05 26 15 33 10 73 1. 70 28 2786 
Adds 6 52 295 65500 902 3.62 31 10 36 9 65 2.40 38 4327 
86 
Table 14. Bottom sediment data for samples collected in Clabber 
Creek area. All values are in ppm except Fe which is 
in weight percent. See Figure 21 for sample locations. 
: 
Sample No .. Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Pb Mn 
Clabber 42 174 73750 6303" 0.55 11 14 21 9 .223 3.50 26 708 
Clabber 2 39 175 58000 7240 0.56 11 12 19 9 178 2.70· 15 620 
Clabber 3 43 179 80000 4943 0.52 14 4 16 10 102 3.50 25 754 
Clabber 4. 52 260 89250 .8708 0.69 17 5 19 10 37 2.90 30 1059 
Clabber 5 52 218 49500 9421 0.68 11 5 23 9 24 2.20 25 11-76 
-Cl abber ·6 44 263 32000 8003 0.74 11 16 24 10 37. 1. 70 20 299 
Clabber 7 36 151 .70500 5023 o.46 n 2 14 7 . 32 2.75 . 51 328 
Blue John 1 . 26 136 . 21950 4398 o.41 8 3 8 9 19 0.60 0 185 . 
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Ponca City Mine workings which are located about one quarter mile west of 
Ponca City. Another possible source of the anomaly could be the leaching of 
disseminated mineralization in the area by ground water which is introduced 
into the stream at this point. Downstream from Ponca 3 the elemental values 
decrease due to the dilution by non-unique sediments. 
These two streams reflect the mineralization of the area. The origin 
of the anomalous values have been shown to be related, at least in part, to 
mining in the area. Dilution of anomalous concentrations take place quickly 
in the Ponca area. 
Dissolved Material Sample Collection and Preparation and Element Variation 
Water samples were collected on 5/13/75, 7/18/75, 9/19-20/75, and 12/10/75 
from seven stations shown in Figure 9. Approximately 200 ml of water was 
passed through a 0.45JAm filter and collected in a polyethylene bottle. Ten 
drops of 1:1 nitric acid were added per 100 ml of filtered water. The filters 
were prewashed in the laboratory in 1 :1 HCl for 30 minutes, and rinsed with 
distilled, deionized water prior to the collection trip. 
A procedure of chelation with diethydithiocarbamate and extraction by 
methyl isobutyl ketone was used to concentrate Cd, Co, Cu, Cr, Ni, Mn, Fe, 
Zn and Pb before analysis by atomic absorption spectrometry. This organic 
procedure is modified from Nix and Goodwin (1970) and is given in Steele, et al 
(1975). Calcium, magnesium, sodium and potassium were analyzed by standard 
atomic absorption spectrometry methods. Water data is given in Tables !Sand 16. 
The trends of major and minor element variation along the Buffalo River 
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Table 15. Dissolved material. All values in pp~ except Na, K, Ca and ~g which are in 
ppm. Numbers in Oare r.iver miles from confluence with Wh.ite River. For 
Collection Dates: M =May 13 J =July 18 S =September 19-20 
"r 
D = December 10. 
Col. 
Station Date Na K Ca Mg Fe Mn Co Cr Ni Cu Zn Cd Pb 
M 1. 11 0.61+ 3.73 0.33 26 6 .( 1 < 1 < l+ 3 < 1 ~5 
Boxley J 
(130) s 1.68 1. 13 5.38 o. 73 .( 1 4' 1 .( 1 <1 <2 <' 6 <1 "5 
D 1.26 0.60 3. 12 0. l+ 1 <1 <1 <1 <1 <6 <10 
' 1 <5 
la A 2.23 1.21 15. 11 1.26 17 11 <1 <1 <1 <9 <10 < 1 <5 
Ponca 
(120). 
2 M 1. 31 0.70 7.32 0.65 25 7 .( 1 <' 1 17 < 6 ~1 <5 
Pruitt J 2.31 1.03 16.91 1.67 8 3 <1 <1 <10 <6 < 1 <5 ( 101) s 
D 1.1+7 0.86 8.78 0.85 . 4' 2 l+ <1 <1 <1 ~· 6 <6 ~1 
"5 
l+ s 1.1+2 1.1+5 10.29 0.87 22 7 < 1 <1 <1 .<6 <6 <1 "'5 Hasty 
(9'+.1) 
5 M 1. l+l+ o.88 9.66 0.70 25 6 <1 <: 1 <1 ~· 2 <6 ~1 "'5 G i 1 bert J 1.80 0.97 16.00 1.30 12 9 2 <1 <1 <10 <6 4' 1 ~s (55.2) s 2.23 1. 13 19.35 1.80 7 ~ 3 < 1 <.1 <1 ~ 9 <6 4' 1 <.:5 
D 1.67 0.90 10.29 0.85 <: 1 <1 1 <1 <1 
"' 9 <6 ~1 <5 
7 M 1. 5'+ 0.87 11 . 61 0.87 18 5 < 1 .( 1 <1 ~ 2 <6 
" 1 <5 Buffalo J · 1. 95 0.99 15.79 1.59 8 8 < 1 <1 ~1 <10 <6 ~1 <5 Pt. 
(31.l+) s 
D 1.65 0.92 10.95 (>. 93 ~1 <1 <1 <1 
" 9 <6 "' 1 '( 5 
8 s 2.31+ 1.00 18.22 2.61 11 9 <1 <1 <1 132 61 ~1 ~5 Rush 
(23.3) 
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Table 16. Average values for dissolved material per station and per 
collection date for the Buffalo River. All values are in 
ppm. River miles in ( ). 
Station Na K Ca Mg Fe Mn 
1.57 0.90 6.84 0.68 0.011 0.005 
Boxley 
(130) 
2 1.63 1.01 10.83 1.01 0.014 0.005 
Pruitt 
( 101) 
5 1. 79 0.97 13.83 1. 16 0.011 0.005 
(55.2) 
7 1.87 0.95 14. 14 1.50 0.009 0.006 
Buffalo Pt. 
(31.4) 
7-13-75 1.35 0.77 8.08 o.64 0.024 0.006 
7-18-75 2.07 1.05 15.95 1.46 0.011 0.008 
9-20-75 1.92 1. 18 . 13.31 1.50 0.010 0.005 
12-10-75 1. 51 0.82 8.29 0.76 0.001 0.002 
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are those noted for 1974. Calcium, magnesium, sodium and potassium concen-
trations increase downstream (Fig. 32 ), and iron and manganese decrease down-
stream (Fig. 33). As reported earlier (Steele, et al., 1975), the water con-
centrations generally correlate with changes in the major rock-types in the 
Buffalo River Valley. Other element concentrations were below detection and 
could not be compared with those -for 1974. Calcium and magnes·ium values for 
1975 are approximately one half those for _1974. Sodium and potassium values 
for 1975 are about 20 percent greater than for 1974 (Fig.32 ). Iron values 
are similar for the two years. Although there is a slight difference (about 
3 ppb) for the manganese values, they can be considered as equal for the two 
years (Fig. 33). 
As in 1975, calcium, magnesium, sodium, and potassium exhibit seasonal 
fluctuations (Fig. 34) with the greatest concentration during late summer. 
The 1974 seasonal patterns correlated with the flow pattern, with greatest 
concentration during low flow for the river (Steele, et al., 1975). This 
correlation was explained as the basis of the lack of dilution by rain and 
also as the result of the conc~ntration of these elements by evapotranspira-
tion. The seasonal patterns for the two years are similar, however, calcium 
and magnesium values are lower for 1975 (Fig. 34). Iron values appear to be 
slightly higher for 1975. However, no acid was added to the samples collected 
during December which probably allowed much of the iron and manganese in 
solution to be precipitated. Both the iron and the manganese patterns are 
similar to those for 1974 with the exception of the December samples (Fig.35 ). 
The manganese values are approximately constant. High values for iron occur 
during the spring of 1974 and 1975 and correlate with high flow (Steele, et al., 
1975). The iron is probably from surface runoff. Humic acids in the soil 
probably aid in dissolving iron. 
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The discrepancies between the 1974 and the 1975 data could be due to 
chance differences in sampling conditions. However, differences in flow 
rates is most 1iKely. 
Suspended Sediments Sample Collection and Preparation and Element Variation 
Suspended sediments were collected from seven stations shown in Figure 
9and also from Ponca, Rush and Clabber Creeks on 5/13/75, 7/18/75, 9/19-20/75 
and 12/10/75. One half to one liter of water was filtered in the field 
through a 0.45 m Millipore filter using a hand operated vacuum pump. The 
filters were prewashed for 30 minutes in 1:1 HCl and rinsed in distilled, de-
ionized water in the laboratory prior to the collection trip. After filtra-
tion the filters were returned to the laboratory and placed in a 25 ml Erlen-
meyer flask with 2 ml of concentrated HCl overnight. The extractant was then 
diluted to 25 ml and the filter rinsed several times in distilled, deionized 
water. The sample was then analyzed by atomic absorpti·on spectrometry. The 
atomic absorption technique used was the same as that for the bottom sediments. 
Sodium, potassium, calcium, magnesium, iron and manganese were determined. The 
blanks for the 0.45 m filters were very high, making the sodium and potassium 
data essentially useless (Tablel7). 
The concentration of elements in the suspended sediments is quite low 
(Table 17 and summarized in Table 18); however, it is greater than that for 
1974 (TablelS). The concentration of elements in the water generally exceeds 
that in the suspended sediments, except in the case of iron and manganese. 
Generally, there is about 20-60 times as much suspended iron per liter of 
water as dissolved iron and about 2-25 times as much suspended manganese per 
liter of water as dissolved manganese (Tablesl6,18 and 19). Station 1 (Boxley) 
has the largest Zn concentrations, probably because -of the greater amount of 
clay particles derived from the shale in the area and the lowest Ca values 
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Table 17. Suspended material. All values in parts per billion (}lg per liter of 
of water). Numbers in ( ) under Station column are river miles from 
confluence with the White River. For Collection Dates: M = May 13, 
J = July 18, S = September 19-20, D = December 10. ~ 
Station Collec- Na K Ca Mg Fe Mn Zn 
tion date 
M 63 63 61 131 275 5 40 
Boxley J 
(130) s 111 63 80 24 525 8 190 
D 35 25 26 10 300 5 20 
lA J 63 63 45 3 75 13 <: 1 
Ponca 
(120) 
2 M 63 63 34 109 300 8 6 
Pruitt J 63 63 27 4 300 18 8 ( 101) s 
D 35 25 46 12 400 5 30 
4 s 63 8 271 90 2250 82 46 
Hasty 
(94. 1) 
5 M 63 63 110 30 687 18 12 
Gilbert J 63 63 85 6 ~10 11 19 
. (55.2) s 63 63 198 10 1650 215 5 
D 35 25 54 14 325 8 15 
7 M 63 63 63 13 300 10 5 
Buffalo Pt. J 63 63 72 7 30 9 26 (31 . 4) s 
D 35 25 70 14 350 13 10 
8 s 63 63 29 6 100 5 5 
Rush 
(23.3) 
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Table 18. Average values for suspended material (<0.45 )Im) per station and per 
collection date for the Buffalo River. All values are in ppb (i.e. 
pg per liter of water). River mi l es i n ( ) . 
Station Ca Mg Fe Mn Zn 
l 53 42 294 8 63 
Boxley 
(130) 
2 103 54 812 113 23 
Pruitt 
( l 01) 
5 112 15 667 63 13 
Gilbert 
(55.2) 
7 59 10 195 9 12 
Buffalo Pt. 
(31.4) 
5-13-75 67 71 390 10 16 
7-18-75 57 5 103 13 13 
9-20~75 144 33 1131 78 62 
12-10-75 49 13 344 8 19 
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because of the lack of significant carbonate rocks in the area (Tablel8). 
There are no systematic trends for element concentration in the suspended 
material, either along the river or with season. 
Ratios for dissolved to suspended load are different for 1974 and 1975 
(Table !9) and some also have different trends (Figs. 36and 37). The ratio 
of dissolved magnesium to the concentration of magnesium in suspended material 
gives an accentuated increase downstream ·for 1975 data (Fig. 36 ). The trends 
for iron (Fig. 37) are similar for the two years. Although data is limited, 
rainfal 1 (i.e. runoff and flow) is the controlling factor. 
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Table 19. Ratio of average dissolved material concentration to average suspended 
material concentration for the Buffalo River. River miles given in ( ). 
Station Ca Mg Fe Mn 
1 129 16.2 0.037 0.63 
Boxley 
(130) 
2 105 18.7 0.017 0.04 
Pruitt 
(101) 
5 123 77.3 0.016 0.08 (55.2) 
7 240 150 0.046 0.67 
Buffalo Pt. 
(31.4) 
5-13-75 121 1.6 2.4 0.38 
7-18-75 280 14.2 0.8 0.62 
9-20-75 92 1.3 Od 0.08 
12-10-75 169 2.2 0. 1 o. 11 
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HYDROGEOLOGIC CHARACTERISTICS 
Previous Investigation 
Hydrologic investigation ~f the ground and surf ace water 
in the Buffalo River basin has been limited. Baker (1955) briefly 
discussed possible water-bearing stratigraphi~ units in northern 
Arkansas. The United States Army Corps of Engineers (1964) studied 
the hydrology of the surf ace water in the Buffalo River basin in 
preparation for the construction of a dam(s) on the Buffalo River. 
Lamonds and Stephens (1969) furnished general water resource data 
for the Ozark Plateaus of Arkansas. Lamonds (1972) discussed the 
hydrologic characteristics and water quality of the Ozark Plateaus 
·~ 
province of northern Arkansas, which pertain in part to the· Buffalo 
River basin. Trace elements in the sediments of the Buffalo River 
were investigated by Wagner (1974) and ·steele and Wagner (1975). 
Melton (1975) studied in detail the geohydrology of the Roubidoux 
Formation and the Gasconade Formation in southern Missouri and 
·~orthern Arkansas. 
The U.S. Army Corps of Engineers (1964), in an interim report 
on the Buffalo River basin, provided information on the economic, 
sociological, and environmental aspects of the area. Smith (1972) 
described the aesthetic qualities of the Buffalo River country. 
Information pertaining to the establishment of the ·Buffalo National 
River, an environmental statement, and a wilderness study of the 
.Buffalo River basin were provided by the Department of Interior 
through the National Park Service (1974). 
''"', . 
... 
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The Basin 
The study .·area, the Buffalo River basin, is in north-central 
Arkansas (Figure38). The basin encompasaes the· greater part of 
Newton and Searcy Counties and smalle.r areas of Baxter, Marion, 
Boone, Pope, Stone, and Van Buren Counties. Irregular in shape, 
the basin is bounded roughly by the west longitude lines 92° 20' 
to 93° 30' and the north latitude lines 35° 40' to 36° 13'. 
The Buffalo River basin is elongate, approximately 70 by 22 
miles, arid· the major axis is east-west. The basin encompasses 
..l_,.3.~8 square miles. It is in the region known as the Ozark Pla-
~eaus provinc@,.Qj the Interior Highlands, which consists of three 
plateaus separated by steep9 J.~r~s~lar escarpments (see discussion 
of physiography, page 105). The plateaus are deeply disseceed 
and as a result the area is rough and mountainous. There is almost 
no flat land either in the stream valleys or on the divides. The 
basin is generally heavily .forested, although some land is used 
for agri~ulture. Soils in the limited flood plains of valleys are 
sandy and silty loams, whereas cherty loams and clays cover the 
slopes. The soils on the slopes are thin and easily eroded. 
The drainage pattern consists of the main stream, the Buffalo 
River, and 64 generally short, perennial and intermittent tribu-
taries entering from both sides at regular intervals. The two 
largest tributaries are the Little Buffalo River and Big Creek 
which have drainage areas of 142 and 138 square miles, respectively. 
The Buffalo River originates in the Boston Mountains in south-
west Newton County and flows eastward along a winding course to its 
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confluence with the White River, a distance of approximately 148 miles. 
The river has entrenched itself below the plateau surfaces; as a 
result, it runs through a narrow, relatively deep valley which has 
steep rock bluffs on the outside of the river bends and more gentle 
slopes on the inside of the bends. Narrow elongate flood plains 
border the stream on the inside of the bends. The river is 
characterized by quiet pools separated by short shoals. The channel 
is stable, as the river flows on a veneer of gravel and boulders 
and in places on bedrock. Steep stream slopes characterize the 
upper reaches of the Buffalo River, ranging from 40 to 15 feet 
per mile above Pruitt; but the slope averages less than 4 feet 
per mile along the lower 100 m!les of the river. 
The Buffalo National River was authorized by Act of Congress 
. ~, .. 
(Public Law 92-237) on March 1, 1972. This act insured that the 
Buffalo would remain a free-flowing stream and created a linear 
National Park along the lower 132 miles of the river. The Buffalo 
National River occupies 11 percent of the Buffalo River basin. In 
addition, 22 percent of the basin is within the Ozark National 
Forest. Thus, one third of the basin ·is under Federal administra-
tion. The basin is rural and sparsely populated with only about 
13,000 people. The largest towns are Marshall and Jasper with 
populations of 1,100 and 360, respectively. 
Physiography 
One of the most significant aspects of the physical environment 
is topography, because it determines how and at what cost the land 
is used. Topography is an evolutionary phenomenon, the result of 
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geologic and climatic conditions and the duration of time. The 
basic geologic matrix is acted upon by tectonic forces and the 
dynamic forces of air, temperature, and water. The· result of 
these interacting forces, the configuration of the landscape, 
determines to some extent how the land i& used by mankind. More-
over, topography is related to hydrology and land use because it 
in part determines the strata that are present at the surface and 
the dpeth of aquifers in the subsurface. 
Topographically, Arkansas is divided nearly equally from north-
east to southwest into two physiographic provinces. The eastern and -
southern part of the state is a comparatively low undulating. 
plain - the Gulf Coastal Plain; northern and-vestern Arkansas is 
included in the Interior Highlands, a region of considerable re-
lief composed of Paleozoic rocks. The Interior Highlands in Arkansas 
is divided into two provinces. On the south is the Ouachita pro-
vince which contains the Ouachita Mountains and the Arkansas Valley 
regions. North of the Ouachita province is the Ozark Plateaus 
which can be subdivided into the Salem Plateau, the Springfield 
Plateau, and the Boston Mountains. The physiographic provinces 
in the Buffalo River basin are shown in Figure 39. 
The northernmost· of the three Ozark Plateaus sectors, the 
Salem Plateau, is also the lowest with surface elevation ranging 
from approximately 250 feet above sea level on the east to 1250 
feet on the west. The Salem Plateau is composed at the surface 
of Ordovician limestone and dolomite (Powell and Cotter Formations) 
dipping gently southward. It has been eroded extensively and 
consequently the topography is exceedingly rough. Only the north-
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easternmost part of the Buffalo River basin is within the Salem 
Plateau. 
108 
Above and south of the Salem Plateau is the Springfield Plateau. 
It is separated from the lower plateau by the sinuous, northfacing 
Eureka Springs Escarpment, which has a maximum height of about 400 
feet on the west and.becomes progressively less prominent eastward. 
The major part of the Spring(ield Plateau is between 1000 and 1500 
feet above sea level, but erosional remnants commonly rise 250 to 
750 feet above the plateau surface. The plateau varies from a 
gently undulating surface to deeply dissected terrain. The surface 
is composed of resistant Mississippian strata with a slight.re-
gional dip to the south. Much of the northem and eastern Buffalo 
River basin is in this region. 
On the south the Boston Mountains rise above the Springfield 
Plateau. The prominent north-facing Boston Mountain Escarpment 
attains a maximum relief of 800 feet. Streams have deeply serrated 
the escarpment, making it irregular with many outliers on the pla-
teau below. The southern slope of the mountains descends less 
abruptly to the Arkansas Valley. The mountains are actually a 
deeply dissected plateau that has all but been destroyed by erosion 
(Quinn, 1958). Many of the mountain tops are flat and are 1900 to 
2200 feet above sea level; remnants rise several hundred feet more 
above the ancient plateau. Maximum elevation is about 2400 feet. 
Narrow, steep-sided ravines between 500 and 1250 feet deep are 
common. In places, the slope is broken by vertical cliffs caused 
by the alternation of resistant and soft beds of rock. The surface 
rocks of the Boston Mountains are of Pennsylvanian age. The western 
and southern part of the Buffalo River basin is in this region. 
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Climate 
The climate of the Buffalo River basin is humid-continental, 
characterized by long hot summers and relatively mild short winters. 
These seasons are separated by distinct ~prings and falls. Ex-
tremes of temperature of 114 degrees Fahrenheit and -23 degrees 
Fahrenheit have been recorded within the basin. The average annual 
temperature is 58 degrees Fahrenheit. 
Precipitation averages 48.6 inches annually. This average is 
based on the records of eleven stations in or adjacent to the basin. 
Precipitation is slightly greater in the Boston Mountains than t'1l 
the Springfield and Salem Plateaus. Although the distribution 
is relatively uniform throughout the year, amounts generally are 
slightly greater during the spring months April to June. December, 
January, and February are usually the driest months. Table 20shows 
the average monthly and annual precipitation. In spite of the 
fairly uniform monthly distribution of precipitation, runoff is 
affected seasonally; flows are greatly reduced during the late 
summer and early fall. On the basis of records dating back to 
1900, the greatest annual precipitation was 82.3 inches in 1927 
and the least measured was 23.0 inches in 1963. The average 
annual snowfall is about 12 inches, occurring from November through 
March. 
Moderately intense local storms, accompanied by heavy rainfall, 
occur within the basin. Although these storms are most likely 
in the spring, they can happen at any time of year. Flooding some-
times occurs as the result of these storms. Drought conditions 
are common in the Buffalo River basin and affect the streamflow. 
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Table 20. 
DISTRIBUTION OF AVERAGE MONTHLY AND ANNUAL PRECIPITATION 
Average 
Precipitation Percent of Average 
Month (inches) Annual Precipitation 
January 3.4 7.0 
February 3.1 6.4 
March 3.8 7.8 
April 5.2 10.7 
... 
May 5.9 12.1 
June 4.4 9.1 
July 4.2 8.6 
August 4.3 8.9 
September 3.9 8.0 
October 3.6 7.4 
November 3.3 6.8 
December 3.5 7.2 
Annual 48.6 100.0 
Source: U.S. Army Corps of Engineers (1964). 
• 
• 
Stratigraphy 
Rocks underlying the Buffalo Rive~ basin range in age from 
Precambrian to early Pennsylvanian, as shown by the generalized 
stratigraphic section (Table21). The sedimentary section is 
approximately 5,000 feet thick. The pre-Atoka succession is 
composed mainly of limestone, dolomite and shale and increases 
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in thickness to the south and southeast; the Atoka rocks are 
dominantly interbedded sandstone and shale units that increase in 
thickness to the south (Sheldon, 1954). Sub-surface rocks include 
the Precambrian basement, Upper Cambrian and Lower Ordovician 
rocks up to and including the Jefferson City Dolomite. Surface 
exposures within the basin range from the Lower Ordovician Cotter 
Formation through the Lower Pennsylvanian Atoka Formation. The 
geologic map, Figure 40shows the general distribution of strata 
related to major time-stratigraphic units. Numerous periods of 
erosion interrupted deposition of the Paleozoic sedimentary suc-
cession (Frezon and Glick, 1959). Most of the interruptions in 
deposition were minor and the resulting unconformities are of only 
local significance (Caplan, 1960). Because of these erosional 
effects, the sedimentary section is considerably different from 
place to place in regard to thickness, character and the occurrence 
of particular units • 
Ordovician, Silurian, Devonian, Mississippian and lower 
Pennsylvanian rocks crop out in the basin and dip gently southward 
under the cover of the Atokan age strata of the Boston Mountains 
(Frezon and.Glick, 1959). In general, progressively older formations 
112 
TABLE 21, STRATIGRAPHIC SECTION OF NORTH ARKANSAS 
Sy:'tem 
z 
< 
z 
< :; 
> Ul 
z 
z 
tr: 
c.. 
z 
< 
-c.. 
c.. 
-Ul 
Ul 
-rr. 0) 
-:a 
Formation 
Hartshorne ss. 
Atoka fm. 
Bloyd sh. ( llorrow 
group) 
Hale fm. (Morrow 
group) 
Pitkin ls. 
Fayetteville sh. 
Batesville ss. 
Ruddell sh. 
Moorefield fm. 
Boone fm. 
MISS. AND DEV. Chatta·nooga sh. 
DEVONIA~ Penters chert 
SILURIAN 
z 
< 
-0 
> 0 Q 
0:: 
0 
CAMBRIAN 
PRE-CAllBRIA~ 
Lafferty ls.· 
St. Clair ls. 
Brassfield ls. 
Cason sh~ 
Fernvale ls. 
Kimmswick is. 
Plattin ls. 
Joachim dol 
St. Peter ss. 
Everton fm. 
Powell dol 
Cotter dol. 
Jefferson City dol. 
Roubidou~ f m. 
Gasconade dol. 
Eminence dol. 
Bonneterre dol. 
Lamotte ss. 
}I ember 
Kessler lime-
stone member 
Brentwood lime-
. stone member 
Prairie Grove 
member 
Cane Hill 
member 
1 j 
l j 
1 
I 
l 
1 
J 
Tbicknes~ in Feet 
55-160 
4392-4635 
0-628 
0-105 
0~90 
70-307 
0-745 
0-219 
43-297 
7-457 
52-388 
0-70 
0-260 
0-254 
0-~7 
0-108 
0-400 
0-117? 
0-168 
0-1180 
0-210 
357-400 
365-433 
134-231 : 
360-460 
307-350( !) 
0- 60(?) 
0- 36 
Rem:;rks 
Surface thic!·:n~s~es rar.:rin~ · 
from 1.501) to f.1,40•) !eet are 
reported by Cront!i.; ( iu:rn, 
p. 118). 
Kessler· ls., Brentwood ls., 
and Prairie Grove member 
of Hal~ fm. thicker. and 
grade into sandstone south-
eastward where the equiv-
alents ha ... ·e R"enerally been · 
included in the Atoka fm . 
Cane Hill rr.'?mbf!r appro:ci-
matel~· eqn:,·alent to .Jack-
fork sandstone in White, 
Cleburne, :ind Jackson 
Counties. 
Pitkin limestone ~:-ati.:?s into 
a black shale £=•'•1uence in-
cbded in the Fa:;e-:tcville 
sh.ale in Pope, Van Buren, 
and Cleburne Counties. 
Batesville ss.. Rt~dcell sh., 
and lloorefield i:n. ~er.er­
ally cannot be differen-
tiated in well samples. 
Stanley shale in wells 1 and 
2 in Wh~te Count\' and in 
well 1 in .Jacks"~ Countv 
appears ti, rcprco::t'i:t ail 
:Mississippian rot"k<;, in-
cluding the Boor.e im. and 
the ChnttantJo~a ~h. , ____ _ 
Silurian rocks are generally 
not differentiated in well 
samples. 
Rocks belo\\' Fernvale ls. and 
· abo'lr"e St. P~ter s!'. are gen-
erally included in Plattin 
ls. due to correlation un-
certainties in wells. 
. St. Peter ss. and Everton fm. 
are generally correlated 
v.ith the Simpson group of 
Oklahoma. 
Ordovician rocks below the 
Everton fm. are generally 
correlated with the Ar-
buckle group of Oklahoma. 
Lamotte ss. is correlated with 
Reagan ss. of Okla. 
{from Sheldon, 1954) 
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(Ordovician) crop out toward the northern boundary of the basin. 
Exceptions are mainly where the Buffalo River and its larger 
tributaries have deeply. incised the landscape exposing the older 
strata below; and where isolated outliers of younger rocks rise 
above the Springfield Flateau. 
Pre-Cambrian 
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Current well data is insufficient to allow a detailed account 
of the nature and distribution of the Precambrian basement rock. 
Precambrian rock exposed in the St. Francois Mountains of southern 
Missouri are of three general types: rhyolites, granites, and 
basic intrusives of gabbroic composition (State of Missouri, 1967). 
There is some similarity between the Missouri Precambrian and that 
of Arkansas in that the five wells which penetrate the Precambrian 
in northern Arkansas have encountered granite and rhyolite (Frezon 
and Glick, 1959). 
Cambrian System 
Little is known concerning the Cambrian age rock present in 
the subsurface of the Buffalo River basin as relatively few wells 
penetrate these depths and no Cambrian strata are exposed. Be-
cause of their prohibitive depth and because of the lack of know-
ledge pertaining to them the Cambrian strata will be considered 
only briefly. 
The Upper Cambrian formations, the Lamotte Sandstone, Bonne-
terre Dolomite and the Eminence Dolomite are present in the sub-
surface. Outcrops of all three are common in portions of south-
· east Missouri. They are not exposed in Arkansas. The basal unit, 
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the Lamotte Sandstone, lies unconformably on the Precambrian baae-
ment. According to Ca.plan (1960), it is fine to coarse_-grained, 
white to yellow in color and composed of subangular.to rounded 
quartz grains. The loosely cemented rock is occasionally dolomitic 
and often arkosic. As described by Caplan (1960), this sands~one 
grades upward-into a zone of arenaceous, glauconitic, pyritic, 
finely granular to medium-crystalline, light-gray dolomite - the 
Bonneterre Dolomite. Above the Bonneterre Dolomite is the Eminence 
Dolomite composed chiefly of fine to coarse-crystalline, light-gray 
dolomite that contains relatively abundant white ·to light-gray, 
dense chert (Caplan, 1960). ·The Eminence is the uppermost Cambrian 
Formation in northern Arkansas. 
Ordovician System 
Gasconade ~ormation 
The Gasconade Formation in Arkansas is present only in the 
subsurface and lies unconformably on the Eminence Dolomite. According 
to Caplan (1960), the Gasconade Formation is basically finely granular 
to medium-crystalline, light.colored dolomite that contains light gray 
or blue-gray dense chert. Below the Buffalo River basin, the interval 
increases in thickness from approximately 320 feet in northwest Newton 
County to 660 feet in southeastern Searcy County. 
The Gunter Member of the Gasconade Formation occurs at the base 
of the succession. The Gunter is generally regarded as white to 
light-gray sands-tone consisting of loosely cemented fine to coarse, 
subangular to rounded, frosted quartz grains which may contain thin 
sandy or silty dolomite beds (Caplan, 1960). The unit thickens re-
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gionally to the south and southeast. Thicknesses of 20 to 40 feet 
are characteristic in Arkansas. 
Roubidoux Formation 
The Roubidoux Formation rests unconformably on the Gasconade. 
It does not crop out in the Buffalo River basin. Caplan (1960) 
considers the Roubidoux to consist of sandstone and dolomite with 
associated chert. Sandstones found throughout the formation are 
composed of fine to medium, angular to rounded, frosted quartz 
grains which are white to light-gray in color. They are loosely 
cemented by silica or calcareous material. Chert occurs in some 
sections. The dolomite is finely granular to medium-crystalline, 
. light colored and cherty or sandy in parts. Chert present in the 
Roubidoux is generally light in color and dense (Caplan, 1960). 
In northern Arkansas, the Roubidoux Formation ranges in 
thickness from approximat~ly 180 feet to 300 feet. Below the 
Buffalo River basin the thickness increases from 200 feet in north-
western Newton County to 300 feet in southeastern Searcy County. 
Jefferson City Dolomite 
The Jefferson City Dolomite lies disconformably on the Roubidoux 
Formation. Croneis (1930) describes these beds as consisting of 
gray, finely-granular to medium-crystalline dolomite with considerable 
chert alternating with chert-free, fine-grained, thin-bedded dolomite 
which is lighter in color. Caplan (1960) states that minor beds of 
sandy dolomite, sandstone and greyish-green shale are present in the 
subsurface. 
The Jefferson City Dolomite does not crop out in the Buffalo 
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River basin. However, it is the oldest formation exposed in 
northern Arkansas. The thickness in Arkansas ranges from approxi-
mately 100 feet to approximately 496 feet. 
Cotter Dolomite 
The oldest formation that crops out in the Buffalo River 
basin, the Cotter Dolomite is exposed at the surface in the north-
east corner of the basin in Marion and Baxter Counties. Two kinds 
of interbedded dolomite are present according to Croneis (1930): 
a fine-grained, white to buff~ earthy variety known as "cotton 
rock"; and a more massive, medium-grained, gray variety. Although 
these dolomites are dominant, the unit also includes chert and 
thin layers of sandstone and shale (Cady, 1922). 
The Cotter-Jefferson City contact is disconformable. In 
thickness the Cotter Dolomite ranges up to 527 feet. 
Powell Dolomite 
Resting disconformably on the Cotter Dolomite is the Powell 
Limestone. A thickness of up to 223 feet is known; however, the 
Powell within the Bufaflo River basin is locally absent. Where 
it is entirely missing, the overlying Everton Formation rests un-
conformably on the Cotter Dolomite. 
The Powell Dolomite consists of granular to medium-crystalline, 
siltr and shaly dolomite which is light-to-dark-gray· or brown-to-
black in color. Occasional thin beds of dolomitic sandstone or · 
sandy dolomite are present. Thin dolomitic limestone beds, dolo-
mitic shales and a basal conglomerate are also present in some 
places (Caplan, 1960). 
• 
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Everton Formation 
The Everton Formation is widely distributed within the Buffalo 
River basin, and is well exposed along the Buffalo River and its 
larger tributaries. The formation disconformably overlies the 
Powell Dolomite or, where the Powell is absent, the Cotter Dolomite. 
In the eastern part of the basin, the Everton is overlain discon-
formably by the St. Peter Sandstone; whereas, in the west, where 
the St. Peter and the upper part of the Everton have been removed 
by erosion, younger rocks such as the Plattin Limestone, Sylamore 
Sandstone or the Boone Formation overlie the Everton. Thickness 
varies, usually averaging about 400 feet in well exposed sections 
along the Buffalo River. The Marshall, Arkansas water well pene-
trated 600 feet of rock assigned to the Everton Formation (Sheldon, 
1954). The thickness of the unit increases to southeast in the 
subsurface (Frezon and Glick, 1959). 
Lithologically, Shum (1974) described the Everton as a complex 
of intertonguing dolomite, limestone and sandstone. He recognized 
four formal and three informal members. Complex stratigraphy and 
facies changes are common as the result of local unconformities 
and fluctuating environmental systems. 
St. Peter Sandstone 
The St. Peter Sandstone is present as a continuous unit under-
lying the eastern two-thirds of the Buffalo River basin. Outcrops 
are almost continuous along the Buffalo River from northwestern 
Newton County eastward. It is absent west of eastern Newton County 
(McKnight, 1935). A thickness of 136 feet was reported by McKnight 
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near Rush, Arkansas, but the thickness is conunonly less as the 
result of local truncation by erosion. A thickness of. 45 feet 
was reported from the Marshall, Arkansas water well by Sheldon 
(1954) •· 
The St. Peter Sandstone is composed of massive, friable 
sandstone with occasional dolomite and shale beds near the top. 
The white to cream sandstone consists of fine to medium, well-
rounded, frosted quartz grains cemented with calcium carbonate 
(Maher and Lantz, 1953). The St. Peter rests·disconfonnably on 
the Everton Formation. In the eastern part of the Buffalo River 
basin, the St. Peter Sandstone is conformably overlain by the 
Joachim Limestone (Giles, 1930); to the west where the Joachim 
is missing, it is unconformably overlain by younger Ordovician 
and Mississippian Formations. 
Joachim Dolomite, Plattin Limestone, Fernvale Limestone and Cason 
Shale 
Post-St. Peter Ordovician rocks outcrop discontinuously from 
central Newton County to the eastern margin of the Buffalo River 
basin. In ascending order this section is represented by the 
Joachim Dolomite, Plattin.Limestone, Fernvale Limestone and the 
Cason Shale. Each is separated from the overlying formation by 
an unconformity. Their distribution and thickness is irregular 
but, in general, thickness ~ncreases to the southeast (Frezon and 
Glick, 1959)°. 
Lithologically, the Joachim Dolomite is composed of gray, 
fine-grained dolomite. The Plattin Limestone.is olive-gray, dense 
limestone and the Fernvale is characterized by medium-crystalline, 
light-gray, fossiliferous limestone. Greenish-gray to dark-grat 
dolomitic shale is typical of strata of the Cason Shale (Glick 
and Frezon, 1965). 
Silurian System 
Brassfield Limestone, St. Clair Limestone and Lafferty Limestone 
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The strata of Silurian _age have been divided in ascending 
order into the Brassfield Limestone, St.Clair Limestone and the 
Lafferty Limestone. Croneis (1930) regards the Brassfield as 
light-gray, granular to coarsely-crystalline, fossiliferous lime-
stone. The St. Clair consists of highly fossiliferous, coarse-
grained, light-gray to pinkish-gray limestone. The Lafferty 
Limestone is a thin-bedded. earthy, red to gray limestone (Croneis, 
1930). The St •. Clair and Lafferty Limestones are connnonly undif-
ferentiated because of the limited occurence of the Lafferty 
(Maher and Lantz, 1953). 
Silurian rocks are present in the subsurface in roughly the 
southern half of the Buffalo drainage basin and their distribution 
here is known to be sporadic (Frezon and Glick, 1959). Outcrops 
of Silurian age are discontinuous and of ten locally absent. Thick-
ness increases to the south. The Brassfield Limestone unconformably 
overlies the Cason Shale and where it is absent the St. Clair rests 
unconformably on the Cason Shale. The Brassfield-St. Clair contact 
is an uncon~ormity, whereas the St. Clair-Lafferty contact is con-
formable. 
Devonian System 
Penters Chert 
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The Penters Chert is present in the subsurface below the 
Buffalo River basin only in the extreme southern portion of the 
basin in southern Newton and Searcy Counties. According to Frezon 
and Glick (1959), the thickness in the basin increases from a 
truncated edge in the north to approximately 50 feet in the south. 
The Penters Chert is composed of light-gray to black chert 
interbedded with thin lenses of gray, crystalline dolomite and 
limestone. It unconformably overlies rocks ranging in age from 
Middle Ordovician (Everton) to Silurian (Lafferty Limestone) and 
is unconformably overlain by the Chattanooga Shale or the Boone 
Formation (Frezon and Glick, 1959). 
Chattanooga ForMation 
Frezon and Glick (1959) describe the Chattanooga Formation 
as a black, carbonaceous, fissile shale that includes a thin basal 
sandstone unit called the Sylamore Sandstone Member. The Sylamore 
Sandstone is composed of fine to medium-grained quartz sand. The 
thickness of the Sylamore is usually less than two feet; the Chatta-
nooga Shale in the basin is less than ten feet thick. 
The Chattanooga Shale is not present in the Buffalo drainage 
basin east of western Newton County although the Sylamore Sandstone 
or its appr~ximate equivalent is persistant to the east (Frezon 
and Glick, 1959). The Chattanooga Shale is overlain by the St. 
Joe Member of the Boone Formation. The contact in some places, 
generally to the west, is gradational; in others, generally to 
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the east, it is unconformable. It unconformably overlies the 
Penters Chert or successively older formations north of the 
limits of that formation. 
Mississippian System 
Boone Formation 
The Boone Formation is nearly continuous across the Buffalo 
River basin. It composes most of the surface of the Springfield 
Plateau where outcrops are extensive. The unit is absent only in 
that part of the basin known as the Salem Plateau where it has 
been removed by erosion. The thicknes~.of the Boone increases 
from the south toward Boone County. It is generally over 350 
feet thick. However, local anomalies exist as the result of post-
Boone erosion producing irregular topography (Frezon and Glick, 
1959). Sheldon (1954) reported that the Marshall, Arkansas water 
well contained 375 feet of Boone strata and 400 feet of exposed 
strata have been reported by Croneis (1930) near Ponca, Arkansas. 
Frezon and Glick (1959) consider the Boone Formation to be 
composed of two units. The lower, the St. Joe Member, is a light-
gray to reddish-brown, finely-crystalline, crinoidal limestone 
less than 100 feet thick. The thicker; upper unit is gray, medium-
crystalline, fossiliferous limestone with abundant chert, some of 
.. If' 
which is interbedded. The Boone, in places, is conformable with 
the underlyiµg Chattanooga Formation; where this condition does 
not exist it rests unconformably on the truncated edges of Ordovi-
cian, Silurian and Devonian rocks. 
The Boone Limestone is readily soluble in water and is exten-
sively fractured; caves, solution channels and sink holes are 
common. Upon weathering, the Boone produces a mantle of chert 
rubble. The soils produced are characteristically red due to 
the presence of iron oxide and have a high clay content. 
Moorefield Formation, Ruddle Shale and the Batesville Sandstone 
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This succession in ascending order consists of th~ Moorefield 
Formation, the Ruddle Shale and the Batesville Sandstone. Frezpn 
and Glick (1959) describe the Moorefield as consisting of silty 
limestone and dark-gray shale, the Ruddle as gray fissile shale 
and the Batesville as silty lime sandstone. All three are conform-
able with each other, but unconformable with the underlying Boone 
Formation. 
This sequence·increases in thickness to the east and southeast. 
However, the thickness of each formation varies locally and in 
places may be altogether absent. These Mississippian rocks have 
been removed in the northern one-third of the Buffalo drainage 
basin. The Moorefield Formation and Ruddell Shale are absent 
west of Searcy County. The more extensive Batesville Sandstone 
persists across the southern two-thirds of the basin. 
Fayetteville Formation 
The Fayetteville Formation is composed of black, _carbonaceous, 
fissile, fossiliferous shale containing numerous clay-ironstone 
concretions. Near the top, in the west, a sandstone unit known as 
the Wedington Member occurs. The Wedington is a prominent, brown, 
fine-grained quartz sandstone. The Fayetteville Formation is 
continuously present in the southern portion of the Springfield 
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Plateau and the Boston Mountains and its outliers; thus it exi~s 
in the southern and western parts· of the Buffalo River basin. 
The Fayetteville Shale is variable in thickness, ranging from 
10 to 400 feet. In general, thickness increases to the south 
(Croneis, 1930). The Wedington Member is four feet thick at St. 
Joe, Arkansas.and.is absent east of that point. It increases in 
thickness to the west. The Fayetteville Formation is conformable 
with the Batesville Sandstone and is overlain disconformably by 
the Pitkin Limestone. 
Pitkin Limestone 
The Pitkin Limestone is present across the southern and 
western portion of the Buffalo River basin in the southern Spring-
field Plateau and the Boston Mountains and its outliers. To the 
north, it has been removed by erosion. Its thickness generally 
ranges between ten feet and 100 feet and usually averages approxi-
ll)ately 50 feet (Croneis, 1930). 
It is composed of massive, bluish-gray, fossiliferous lime-
stone. As stated previously, the Pitkin rests disconformably on 
the Fayetteville Formation although at places the contact is 
conformable. It is overlain both disconformably and conformably 
by the Pennsylvanian Hale Formation (Croneis, 1930). 
Pennsylvanian System 
Morrow Group 
The Morrow Group is divided into two formations, the Hale 
Formation and the overlying Bloyd Shale. The Hale Formation with 
its highly diverse composition is divisible into two distinct 
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units. The lower unit, the Cane Hill Member, is characterized by 
shale, calcerous, silty sandstone, siltstone and shale; the upper 
unit, the Prairie Grove Member," is massive, cross-bedded sand-
stone with lenses of fossiliferous limestone (Henbest, 1953). 
In Washington County, Arkansas, the Bloyd Shale can be sub-
divided in ascending order into the Brentwood Limestone Member, 
an interbedded interval ·of sandy limestone and shale; the Woolsey 
Member, ~ terrestrial sequence containing a coal seam; the Baldwin 
Coal; the Dye Shale Member, a black fissile shale; the Kessler 
Limestone Member, a gray, fossiliferous limestone; and the Trace 
Creek Shale Member, another sequence of black fiss1le shale (Henbest, 
1953). East of Washington County in the Buffalo drainage area 
these members are not recognized. 
The Morrow Group crops out continuously in the Boston Mountains 
and is present in the subsurface. It is present in the western 
and southern part of the Buffalo River basin. Rocks of the Hale 
Formation unconfonnably overly the Pitkin Limestone or, where the 
Pitkin is absent, the Fayetteville Shale. The Hale-Bloyd contact 
is conformable. The Bloyd Shale is unconformably overlain by the 
Atoka Formation, or where the Bloyd has been removed by pre-Atoka 
erosion the Atoka rests unconformably on the Hale Fo.rmation. The 
thickness of the Morrow Group increases to the south, ranging from 
less than 100 feet in Boone County to approximately 350 feet in 
southern Newton and Searcy County. 
Atoka Fonnation 
The Atoka Fonnation forms the higher elevations of the Boston 
'·': 
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Mountains and its outliers. Alternating beds of sandstone and 
shale compose the Atoka. Atokan sandstones are variable in character 
but dominantly they are medium-grained and light to dark-brown in 
color. The shales are ordinarily black. Approx~mately seventy-
five per cent of the formation is composed of shale (Croneis, 1930). 
The Atoka increases in thickness to the south from 0 to approximately 
1,000 feet within the Buffalo River basin. 
Structure 
Structurally the Buffalo River basin is situated on the south 
flank of the Ozark dome. This dome induces a regional homoclinal 
dip to the south. The orientation of the strata below the Buffalo 
drainage area is a reflection of the Precambrian basement complex. 
The northern part of the basin is located on the northern Arkansas 
structural platform and the strata dips approximately one-fourth 
degree to the south. At the northern edge of the Arkoma basin in 
central N~wton and Searcy Counties, the dip steepens to a maximum 
of 5 degrees to the south (Chinn and Konig, 1973). The regional 
dip is modified locally by folds, faults and subsidence structures 
with the basin. 
The majority of faults trend east-west although some have an 
approximate northwest-southeast strike. These faults are all 
normal, generally high angle and have small vertical displacements. 
Most faults are downthrown on the south side of the fault trace 
(Croneis, 1930). Quinn (1959) recognized several north-south 
striking faults. These nearly vertical faults are strike-slip 
faults. Among the larger more extensive faults are the St. Joe 
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fault, the Rush Creek faults and the Buffalo faults. Smaller less 
extensive faults are numerous. Numerous linears traversing the 
Buffalo River basin are visible from Earth Resource Technology 
Sattelite (ERTS-1) imagery and ~igh altitude photography> but have 
not been mapped. 
The orientation of the folds has no definite structural ·plan. 
The folds are small and might more accurately be described as small 
~}extures. They decrease in intensity toward the north away from 
the Arkansas River Valley. Folded strata in the basin is often the 
result of local subsidence due to the solutioning of carbonate strata 
at depth. 
Ground water, as defined here, is water in the zone of 
saturation. Thus, ground water is water below the water table 
.that moves in response to differences in potential or head; it 
does not include water that is between the land surface and the 
zone of satura·t-ion, the zone of aeration. The physical proper-
ties of rock influence the characteristics of ground water. More 
accurately, it is the stratigraphy and structure of the rock 
which provide the hydrologic framework for ground water. · 
The way water is held in the zone of saturation, its mode of 
accretion to this zone, its movement, the ways in which i~ leaves, 
the quantities, and the quality are the subjects of this section. 
In this. report, the wa~er-bearing rocks, aquifers, are considered 
in two parts: the shallow aquifer system, which is defined as 
those rock units above and including the. Cotter Formation; and 
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the deep aquifer system, which includes those rock units below 
the Cotter Formation. This division of the aquifers into shallow 
and deep is arbitrary in the sense that hydrologically these 
systems are not separate entities; rather they are intricately 
connected with one another. However, the division is practical 
in that the hydrologic characteristics of the two systems are 
not similar. Also, because the stratigraphic sequence is essen-
tially undisturbed, the depth below the surface of the shallow 
and deep aquifers is fairly predictable. Whereas the shallow 
aquifers are exposed at or near the surface, the deep aquifers 
are present only in the subsurface and some are buried at considerable 
depth. 
Shallow Aquifer System 
Lithologic~lly, the rocks of the shallow aquifer system are 
dominantly limestone, dolomite, sandstone, and shale. In the 
limestone and dolomite· ground water is in secondary openings 
along bedding planes, fractures, and solution openings. Thus, 
·the availability of water from carbonate rocks qepends ·upon the 
degree of fracturing and solutioning which the rocks have under-
gone and the extent to which the resultant openings are intercon-
nected. Secondary openings are most numerous near the surface 
and decrease in number with depth. 
In sandstone, ground water is ln voids between grains; 
therefore, availability is largely a measure of porosity and 
·permeability. Shale generally is impervious to the movement of 
water and usually is not a source of supply. 
130 
The shallow aquifer system is artesian (Will Schell, 1975, 
President Arkansas Water Well Drillers Association). Ground 
water is confined unde~ relatively impermeable strata; it rises 
in wells and secondary openings to some level above the aquifer 
in response to the hydrostatic pressure forming the piezometric 
surface. Despite artesian conditions, the hydrostatic pressure 
in the shallow aquifer system is not great; water rises in wells, 
but no flowing well has been drilled. The piezometric surf ace 
in the Buffalo River basin forms a subdued reflection of the topo-
graphy. The lowest piezometric surfaces are in the Buffalo River . 
valley and its tributary valleys and intersect the flowing streams; 
the highest piezometric surfaces are at higher elevations along 
stream divides. The potentiometric surface map (Figure41.) indi-
cates the hydrodynamic gradient of the shallow aquifer system. Re-
gionally, the hydrodynamic gradient is from the higher elevations 
toward the Buffalo River and its larger tributaries. The potentio-
metric surface map was constructed by contouring the piezometric 
levels (distance above mean sea level) recorded· in wells in th~ 
areas 
Most wells in the shallow aquifer system are less than 250 
feet deep. Yields are usually less than 10 gallons per minute 
and rarely exceed 25 gallons per minute. 
Data concerning water wells within and adjacent· to the Buffalo 
River basin were obtained from the Arkansas Geological Commission 
and the United States Geological Survey. The data have been assi-
milated and are summarized in Table 22 Sufficient data are not 
available for an in-depth interpretation. of the ground water hydro-
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Table 27. 
SUMMARY OF WELL DATA 
AGC-Arkansas Geological Commission 
USGS-United States Geological Survey 
Map Depth Water Level Water Level Approximate 
Number Year of Below Relative to Yield Casing 
Plate Location County Completed Well LSD Surf ace Sea Level (gpm) (ft) Source 
1 18N16W-34dcb Marion 1974 400 950 350 600 5 59 AGC 
2 18N16W-35acc Marion 1974 320 1000 150 850 60 63 AGC 
3 18Nl5W-23baa Marion 1973 400 960 340 620 5 57 AGC 
4 18Nl5W-32dbb Marion 1973 75 700 20 680 15 18 AGC 
5 18N15W-33cca Marion 1974 360 760 140 620. 9 63 AGC 
6 18N13W-32dbb Baxter 1974 169 750 85 ·665 12 34 AGC 
7 17N21W-lccdl Boone - 71 1320 62 1258 - - USGS . 
8 17N21W-12aca Boone 1973 700 1400 435 965 2 12 AGC 
9 17N21W-12bbd Boone 1971 450 1363 270 i093 4 19 AGC 
10 17N20W-7cba Boone 1973 475 1400 360 1040 4 12 AGC 
11 17N20W-7dbbl Boone 
-
140 1250 72 1178 
- -
USGS 
12 17N20W-9acbl Boone 1953 250 1195 37 1158 
- -
USGS 
13 17N20w-9bcdl Boone 1968 208 1230 105 1125 
- -
USGS 
14 17N20W-10acd Boone 1973 109 1102 40 1062 6.6 44 AGC 
15 17N20W-10bdc Boone 1972 175 1100 . 30 1070 16.6 60 AGC 
16 16N20W-13bda Boone 1973 560 1380 330 1050 lo-I 5 - AGC UJ N 
17 17N20W-16adc Boone 1972 290 1160 150 1010 70 29 AGC 
~ 
' 
,. .. 
Table 22. (continued) 
Map Depth -Water Level Water Level Approrlmate 
Number Year of Below Relative to Yield Casing 
Plate Location . County Completed Well LSD Surf ace Sea Level (gpm) (ft) Source 
18 17N20W~2lbcal Newton - 2576 1344 358 987 222 500 USGS 
19 17N20W-27bdc Newton 1973 625 1410 410 1000 2 29 AGC 
20 17N20W-30bad Newton 1972 400 1000 150 850 5 26 AGC 
21 17N20W-3lacd Newton 1970 205 988 115 865 15 48 AGC 
22 17N19W-24cad Newton 1973 295 1080 90 990 2 21 AGC 
23 17Nl9W-25bba Newton 1973 125 1100 30 1070 2 47 AGC 
24 17N19W-25ccc Newton 1972 520 1130 140 990 4 51 AGC 
25 17N19W-26bad Newton 1973 250 1150 140 1010 7.5 66 AGC 
26 17N18W-35dcc Searcy 1972 485 1280 185 1095 5 32 AGC 
27 17N16W-16bdit Marion 1973 935 1060 235 825 5 146 AGC 
28 17N15W-3bcc Marion 1905 146 450 142 308 
- -
AGC 
29 17Nl5W-13bdc Marion 1904 140 450 20 430 - - AGC 
30 17Nl5W-18dcd Marion 1974 280 1120 200 920 8 126 AGC 
31 17Nl5W-18ddh Marion 1973 600 1100 300 800 3 152 AGC 
32 17Nl5W-22adc Marion 1973 670 990 200 790 4 68 AGC 
33 17N15W-29cba Marion 1973 895 925 140 785 2 
-
AGC 
I 
34 17Nl5W-30dac Marion 1973 500 980 250 730 3 128 AGC 
35 17N15W-30dca Marion 1974 700 950 260 690 o.s 60 AGC 
~ 
36 lpN22W-~lccc Newton 1970 145 1080 75 1005 30 AGC w 
- w 
I: . 
37 16N21W-20abb Newton 1971 127 2000 97 1903 3 21 · AGC 
Table 22. (continued) 
Map Depth Water Level Water Level Approximate 
Number Year of Below Relative to Yield Casing 
Plate Location County Completed Well LSD Surf ace Sea Level (gpm) (ft) Source 
38 16N21W-34abcl Newton 1962 190 880 58 832 150 l 40 USGS 
39 16N20W-4cbbl Newton 1946 179 1065 83 982 - . 22 USGS  
40 16N20W-5aab Newton 1970 150 1140 so L090 25 100 AGC 
41 16N20W- 8bca Newton 1970 210 770 25 745 15 32 AGC 
42 16N20W-12aabl Newton 
-
24 1365 17 1348 
- -
USGS 
43 16N20W-12abcl Newton - 193 1330 50 1280 - - USGS 
44 16N20W-25aba Newton 1971 270 1250 85 1165 12 18 AGC 
45 16N20W-25bdb Newton 1971 810 1160 442 718 12 19 AGC 
46 16N20W-25cbb Newton 1973 506 1160 375 785 2 17 AGC 
47 16N20W-27bdd Newton 1971 280 1100 160 940 15 92 AGC 
48 16N19W- 4cac Newton 1973 385 980 245 735 12 42 AGC 
49 16N19W-6badl Newton 1968 - 1430 49 1381 - - USGS 
50 16N19W-9bbc Newton 1971 340 1100 200 900 12 35 AGC 
.. 
51 16Nl9W-19abd Newton 1970 634 1290 480 810 5 46 AGC 
52 16Nl9W-20bcal Newton 1955 642 1250 180 1142 - 11 USGS 
53 16N18W-2add Searcy 1973 175 1110 80 1070 2 56 AGC 
54 16N18W-4abb Searcy 1972 304 1090 150 940 3 62 AGC 
55 16Nl8W- Scbcl Searcy - 132 1225 94 1131 - - USGS ..... 
w 
56 16Nl8W-5dcdl Searcy 1964 310 1225 88 1137 USGS .i::--
- -
• 
" ti 
Table 22. (continued) 
Map Depth Water Level Water Level Approximate 
Number Year of Below Relative ~o Yield Casing 
Plate Location County Completed Well LSD Surf ace Sea Level (gpm) (ft) Source 
-
57 16N18W-12bbb Searcy 1972 184 1270 160 1110 201· 150 AeC 
58 16N18W-22cba Searcy 1964 100 1250 40 1210 
-· - uses 
59 16N17W-29bbd Searcy 1973 640 1120 400 720 20 18 AGC 
60 16Nl 7W-7bab Searcy 1959 580 1240 300 940 
- -
uses 
61 16N17W-16cab Searcy 1974 125 790 21 769 0.9 40 AeC 
·62 16N17W-16bdd Searcy 1974 85 793 15 778 18 45 AGC 
63 16Nl7W-25bdd Searcy 1972 535 650 150 500 100 72 AGC 
64 16N14W-35bdb Searcy 1970 730 1100 500 600 2.5 51 AGC 
65 16Nl3W-30bac Baxter 1972 2603 1280 640 640 60 209 AGC 
66 15N22W-7abd Newton 1970 100 2200 62 1380 3 24 AGC 
67 15N22W-22caa Newton 1971 205 2100 90 2010 7 98 ACG 
68 15N21W-24cda Newton 1971 435 2000 350 1650 1 25 AGC 
69 15N18W-2baa Searcy 
- 50 685 37 648 - - USGS 
70 15N17W-lbdc Searcy 1973 400 870 250 620 16 43 AGC 
71 15N17W-lcca Searcy 1952 157 925 77 848 12 
-
USGS 
72 15N17W-23bac Searcy 1972 330 950 125 825 2 29 AGC 
73 15N17W-25dab Searcy 1972 497 905 127 778 - - USGS 
74 15Nl7W-26ccc Searcy 1972 104 905 50 900 5 10 AGC """ w V1 
75 15Nl 7W-31aac Searcy 1971 350 875 90 785 12 55 AGC 
Tablen. (continued) 
Map Depth Water Level Water Level Approximate 
Number Year ·of Below Relative to Yield Casing 
Plate Location County Completed Well LSD Surf ace Sea Level (gpm) (ft) Source 
76 15Nl 7W-32bcc Searcy 1972 145 800 70 730 30 44 AGC 
! 
77 15Nl6W-15acc Searcy 1974 440 970 340 630 2 35 AGC 
78 15N16W-14bac Searcy 1972 450 970 340 630 5 32 AGC 
79 15N16W-25dca Searcy 1948 2415 1045 205 840 55 500 USGS 
80 15Nl.6W-23cbb Searcy 1972 260 960 140 820 2 65 AGC 
81 15Nl5W-5abd Searcy 1974 260 1100 120 980 0.5 ioo· AGC 
82 15N15W-18abd Searcy 1972 400 1100 150 950 0.5 20 AGC 
83 15N15W-19dbc Searcy 1973 324 1000 214 786 60 22 AGC 
84 15N1SW-3lbca Searcy 1974 61 1050 18 1032 25 60 AGC 
85 15Nl5W-33dbc Searcy 1971 145 1530 70 1460 0.1 21 AGC 
86 14N20W-36bdb Newton 1970 240 1875 70 1805 1.5 21 AGC 
87 14Nl9W-23cdd Newton 1972 101 2000 10 1990 20 20 AGC 
88 14N18W-30abb Searcy 1936 116 2000 76 1924 - - AGC 
89 14Nl6W-lddd Searcy 1970 205 1560 52 , 1508 0.5 0 AGC 
90 14N16W-3cbd Searcy 1972 254 860 100 760 1.5 20 AGC 
91 14N16W-lldca Searcy 1970 250 1500 60 1440 0.5 19 AGC 
92 14N16W-14cdd Searcy 1972 50 1500 25 1475 4 20 AGC 
93 14Nl6W-2lbbd Searcy 1973 100 1500 40 1460 2 14 AGC 
~ 
94 14Nl5W-6abd Searcy 1973 1500 30 1470 1 15 AGC w -
°' 
95 14Nl4W-llabc Searcy 1972 120 1200 50 1150 1.5 19 AGC 
"' 
4. 
" 
Table 22. (continued) 
. Map Depth 
Number Year of 
Plate Location County Completed Well LSD 
96 14Nl4W-18cad Searcy 1971 80 1650 
97 14Nl4W-22aca Searcy 1972 145 1500 
98 13N24W-14adc Newton 1971 70 2300 
99 13N20W-34dad Newton 1929 500 2000 
100 13Nl8W-llabc Searcy 1972 154 1800 
101 13Nl8W-12bcc Searcy 1972 154 1800 
102 13N18W-13baa Searcy 1973 125 1940 
103 13N18W-13cbd Searcy 1971 75 1870 
104 13N18W-14dab Searcy 1972 150 1880 
105 13N18W023aba Searcy 1971 100 1870 
.106 13N17W-5bcd Searcy 1971 115 1850 
107 13Nl7W-14caa Searcy 1974 58 1850 
108 13Nl7W-27baa Searcy 1971 75 1720 
109 13Nl7W-27bdb Searcy 1971 75 1850 
110 13N17W-30aca Searcy 1971 110 1900 
111 13N17W-32 Searcy 1971 63 1900 
Water Level Water Level Approximate 
Below Relative to Yield 
Surf ace Sea Level (gpm) 
20 1630 6.6 
40 1640 2 i 
20 2280 3.3 
35 1965 
-
50 1750 8 
50 1750 5 
50 1890 2 
25 1845 5 
40 1840 2 
30 1840 3.3 
35 1815 2.6 
12 1838 30 
30 1690 5 
30 1820 5 
60 1840 10 
30 1870 10 
Casing 
(ft) 
30 
37 
20 
-
20 
11 
-
12 
20 
10 
20 
10 
25 
10 
56 
10 
•' 
Source 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
AGC 
1-1 
w 
...... 
138 
logy as the information is not comprehensive. There are no addi-
tional sources of data. Pump tests have not been run on the wells. 
Consequently, information on sustained rates of production, specific 
capacities, and coefficients of storage and transmissivity is not 
available for analysis. There is no frequently monitored ground 
water well or spring in the Buffalo drainage area. A comprehensive 
program of ground water data collection must be initiated before a 
complete understanding of the hydrology of the area can be achieved. 
Ground Water Recharge 
The shallow aquifer system receives recharge from precipitation 
falling directly into the basin. The deeply incised valleys and 
steep slopes of the drainage divides surrounding the Buffalo River 
basin preve~t ground water from adjacent areas from moving into the 
shallow aquifer system. Precipitation falling within the Buffalo 
River basin directly infiltrates aquifers that are present at the 
surface (see geologic· map, FigureliQ). Further downward infiltration 
of the ground water supplies shallow aquifers in the subsurface. 
Thus, it is the impinging meteoric water percolating downward 
to the main body of ground water that recharges the shallow aquifer 
system. According to Miller et al. (1974), the amount of recharge 
from precipitation depends on the physical character and general 
configuration of the land surface, the distribution and quantity of 
precipitation, the composition and moisture content of the soil and 
underlying rock, and the amount and type of vegetation. 
It must be remembered that not all of the precipitation falling 
on the Buffalo River basin becomes ground water recharge. Surface 
runoff and evapotranspiration account for most of the water lost to 
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ground water recharge. It is beyond the scope of this report to 
determine precisely the amount of water in the basin that is lost by 
the processes of evaporation and transpiration by plants; however, 
the amount is significant ~nd is the single most important ·factor 
diminishing the amount available for recharge of ground water supplies. 
A rough approximation for transpiration and evaporation in the Buffalo 
drainage area, based on an average annual precipitation of 48.6 inches, 
is 66.1 percent. This figure is calculated from the average annual 
runoff (16.08 inches) for the 42-year period, 1928-1970, from the 
United States Geological Surv:ey continuous record gaging station 
near Rush, Arkansas, on the Buffalo River. 
Because it is precipitation falling within the Buffalo River 
basin that recharges the shallow aquifer system's ground water supplies, 
it should follow that water table levels rise in response to 
precipitation with no significant time lag. Unfortunately, within 
the Buffalo River basin no water well is monitored in sufficient 
detail to allow confirmation of this premise. Recharge of ground 
water from precipitation in· the Buffalo area is ephemeral. Meinzer 
(1949) reports that maximum ground water recharge will take place 
during the winter months, when evaporation and transpiration rates 
are minimal. During the spring and summer, demand for water by 
plants and evaporation rates are at a maximum, thus recharge of 
ground water supplies is small. In the fall, amounts of precipi-
tation are generally low, preventing maximum recharge. 
The ground water in the deep aquifer system is artesian. It 
is possible that.accretion from this artesian source supplies water 
to the shallow aquifer system. Three deep wells in the Buffalo 
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River basin penetrate the deep aquifer system, the Marble Falls 
water well (reference well 18), the Big Flat water well (reference 
well 65), and the Marshall water well (reference well 79). In all 
three deep wells the water rises under artesian pressure to elevations 
well within the shallow.aquifer system. Thus, the elevation of the 
piezometric surface of the deep aquifer system overlaps that of the 
shallow aquifer system. It is plausible that fractures penetrating 
the deep and shallow aquifers permit the deep water under artesian 
pressure to rise into the shallow aquifer, .thus recharging it. Suf-
ficient data are not available to define clearly the relationship 
between these systems. 
Ground Water Movement 
The direction of.ground water movement in the shallow aquifer 
system can be determined from the configuration of the piezometric 
surface on the potentiometric surface map, Figure4JA Ground water 
moves in a direction that is down the hydrodynamic gradient and at 
right angles to contours on thepotentiometric surface map. Move-
ment of ground water is from areas of high hydrostatic pressure to 
areas of low hydrostatic pressure. In the Buffalo River basin, 
ground water in the shallow aquifer system moves in the direction 
of lower elevations where it is discharged into the Buffalo River 
and its tributaries. The potentiometric surface map shows that 
regionally the ground water in the shallow aquifer system migrates 
in.the.direction of the Buffalo River. Thus, in the shallow 
aquifers north of the Buffalo River the ground· water moves generaliy 
southward; south of the Buffalo River the ground water in the 
shallow aquifers migrates generally northward from the higher 
elevations in the Boston Mountains. Locally, ground water moves 
toward and into tributaries of the Buffalo River and on into the 
river itself. 
Ground Water Discharge 
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The ground water in the shallow aquifer system moves down 
gradient in the direction of the slope of ,the potentiometric surface 
until it moves out of the basin or is discharged. Discharge may 
be by springs (see section on springs), seepage into streams, 
evaporation, plant transpiration, or pumpage from wells. Over 
long periods of time, recharge of the shallow aquifers balances 
the discharge and water level~ are not affected drastically. 
The Buffalo River and its major tributaries are effluent~ that 
is, ground water is fed into the~ by natural seeps or springs from 
the shallow aquifers. ~ffluent streams are generated where the 
· ground water table intersects the sloping surface of the land, 
producing a spring, or intersects the ground at stream level, as 
in the case of the Buffalo River and its larger tributaries. The 
ground water discharge supplies streams during periods of low flow 
when surface water from precipitation is absent. At higher ele-
vations the streams may be influent; these perenni~l streams are 
above the water table, and hence water on the surface migrates 
into the subsurface. 
As discussed heretofore, it is possible that the hydrostatic 
pressure of the artesian deep aquifer system causes discharge of 
ground water from the deep aquifers into the shallow aquifers 
through fractures. Undoubtedly, where head differences permit, 
some ground water is moving from the shallow aquifers into deeper 
ones through fractures or by downward infiltration. This down-
ward movement of ground water is considered to be discharge' be-
cause the water is lost to the shallow aq.uifers. 
Shallow Aquifers. 
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Most wells drilled into bedrock in the ·study area are left 
open below a certain casing depth. In many cases water entering 
the well is from more than one geologic unit. Individually, many 
of the rock units yield only small amounts of water. However, 
collectively, units may yield water in sufficient quantities for 
most users. For this reason, and to facilitate discussion of 
the shallow aquifer system, it is pra·ctical to treat large se-
quences of both water-bearing and non-water-bearing rocks as 
groups in the shallow water system. The shallow aquifer system 
is divided into four groups. As the demarcation between the 
deep and shallow aquifer systems, the boundaries of the groups 
are somewhat arbitrary; hydrologically the groups are intercon-
nected and are not separate entities. 
The groups of the shallow aquifer system are based pr~marily 
on similar lithologic characteristics and geographic distribution. 
Lithe.logic and stratigraphic descriptions of the individual rock 
units that comprise each group are given in the section of this 
report entitled, "Stratigraphy." By consulting the geologic map, 
Figure 40, and the stratigraphic section in the Buffalo drainage 
area, Table 2J., one can determine which rock units are likely to 
be present in any given geographic area of the Buffalo River basin. 
The older Ordovician rocks low in the stratigraphic section 
are at or near the surf ace in the northern part of the basin, and 
' 
on the south these units are overlain by successively younger 
rocks. The younger rocks are generally present at relativ~ly 
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high elevations; an increase in elevation is accompanied by an 
addition of younger units to the stratigraphic section. Thus, 
that part of the stratigraphic section which is present and there-
fore available for ground water storage depends on geographic 
location within the Buffalo River basin. 
Group 1 includes the Pennsylvanian-age rocks of the Atoka 
Formation. The Atoka Formation is present only in the higher 
elevations of the Boston Mountalns ·in the extreme southern and 
western parts of the Buffalo River basin, where it is exposed at 
the surface (see geologic map). Underlying the group 1 Atokan 
rocks is the Bloyd Formation which is dominantly shale. The 
shale probably acts as an aquiclude in the study area. 
The Atoka Formation consists of alternate beds of sandstone 
and shale. The interspersed shale units may act as confining 
layers, or aquicludes, within the formation. Such an arrange-
ment is conducive to perched water tables, where· saturated rock 
is above the general water table. Perched water tables are un-
connnon and are present only on mountaintops and ridges. They 
are confined in areal extent. The alternate arrangement of 
sandstone and shale units also causes ground wate~ to.be under 
artesian pressure, especially where anomalous dips are present. 
The Atoka sandstone beds are not reliable water producers • 
..Porosity and permeability are variable because clay material 
deposited with the sand seals off the pore spaces in much of the 
rock. Atoka shale beds, though water saturated, are not permeable 
and therefore do not supply ground water to wells. Lamonds (1972) 
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states that ground water from wells in the Atoka Formation is 
derived from fractured zones, bedding' planes, and· weathered zones. 
Water wells in the Atoka Formation' yield small quantities of 
water in the Buffalo· River bas.in. Approximate yields of these wells 
range from 2·gallons per minute to a reported 30 gallons ·per minute 
from one well. Most w~lls yield approximately 1 to 5 gallons 
per minute. It is important to realize that pump tests have not 
been run on these wells, arid thus the sustained yleld· rates for 
long periods of time and specific· capacities are unknown. Lamonds 
(1972) reports that wells in the Atoka may yield up to 25 gallons 
per minute, but that most yield only 1 to 3 gall~ns per minute. 
G~oup 2 includes all ·rock units below the Atoka Formation and 
above the Boone Formation (Table21). The units of this sequence 
in ascending order are the Moorefield Formation, the Ruddle Shale, 
the Batesville Sandstone, the Fayetteville Sha1e, the Pitkin Lime-
stone, the Hale Formation, and the Bloyd Shale. This sequence 
crops out along the northern face of the Boston Mountains and is 
present in the subsurface south of this band (see geologic map, 
Figure '*0). Thus, group 2 aquifers are present· in the western and 
southern parts of the Buffalo River basin. North of the Buffalo 
area these units have been removed by erosion. 
Group 2 consists primarily of shale and beds of sandstone 
and limestone. The shale units, which ·are up to 400 feet thick 
in the Buffalo River basin, are interspersed throughout the 
sequence. They probably act as aquicludes, retarding or preventing 
the downward seepage of ground water. 'Because.of the aquicludes, 
perched water tables may be locally present. However, perched 
water tables are uncommon and not ~idespread. 
In general, the Moorefield-Bloyd group does not contain 
reliable water-producing rocks. It is composed dominantly of 
shale which is not conducive to the development of ground water 
supplies. The Batesville Sandstone, which is moderately thick, 
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is thoroughly cemented with calcareous material (Cronies, 1930). 
Calcium carbonate introduced extensively, cements the sand grains 
together and reduces porosity and permeability. Near the surface, 
where the sandstone has been weathered and the carbonate removea, 
the Batesville is very porous. The Hale Formation is locally 
porous enough to supply wells. Limestone units in group 2 are not 
important water producers. Water that is available for production 
in the group 2 sequence generally is derived from wells which pene-
trate secondary openings such as fractures, bedding planes, and 
solution channels. Lamonds (1972) connnents that local intensely 
fractured zones and bedding planes are responsible for the better 
producing ground water wells in the Moorefield-Bloyd interval. 
Wells may yield as much as 25 gallons per minute, but in most 
places yields can be expected to range from 2 to 5 gallons per 
minute. 
Group 3 includes all of the rock units between the base of 
the Moorefield Formation and the base of the Brassfield Limestone. 
The units of this sequence in ascending order are the Brassfield 
Limestone, the St. Clair Limestone, the Lafferty Limestone, the 
Penters Chert, the Chattanooga Shale, and the Boone Formation. The 
ubiquitous lower Mississippian Boone Formation underlies and forms 
the surface of the Springfield Plateau. Southward it is present 
in the subsurface. The Chattanooga Shale is present in the Buffalo 
area only in western Newton County; the Penters Chert is present 
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only in southern Newton and Searcy Counties. The Silurian rocks, 
Brassfield Limestone, St. Clair Limestone, and Lafferty Limestone, 
are distributed sporadically in the southern half of the Butfalo 
River basin. 
In the Buffalo River basin· group 3 is primarily limestone; as 
much as 450 feet may be present. The Chattanooga Shale and the 
Penters Chert,where present, may serve as aquicludes at the bas~ of 
the Boone Formation. In the subsurface, downward infiltration 
of ground water into group 3 may be retarded by the overlying 
aquicludes of group 2, except where there are fracture zones~ 
In the study area most wells in the shallow aquifer system 
bottom in the Boone Formation because of its widespread distribu-
tion and thickness. The Boone consists of dense impermeable lime-
stone with interbedded chert. Ground water in the Boone Formation 
is in secondary openings along fractures. joints, ~nd solution 
channels. Water-containing secondary openings are common in 
carbonate terranes and have been documented by Parizek and Drew 
(1966), Hanson (1973), and Lamonds (1972), among others. Thus, 
the presence of sufficient ground water in the Boone Formation is 
fortuitous •. Many springs are present in the Boone where fractures 
reach the surface (see section on springs, page 164). Because of 
the interconnected secondary openings, recharge to iriters~cting 
wells is rapid and water is vulnerable to pollution. A mantle of 
chert debris formed by the weathering of the Boone Formation covers 
much of the study area. It tends to retard and retain surface 
runoff. Wells obtain water directly from the mantle or from the 
fractures and solution channels which it supplies (Baker, 1955). 
The impermeable Silurian limestone units, Brassfield through 
Lafferty,. are limited both on the outcrop and in the subsurface 
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and are not considered to be ground water-producing aquifers. 
There is a wide range in the yields of wells tapping the group 
3 rocks. As indicated, the Boone Formation is the principal water-
producing aquifer of this interval. Wells.in the Boone which pene-
trate saturated fractures can produce sufficient quantities of 
ground water for domestic use. However, if no fractures are 
encountered by a well no water is produced. Lamonda {1972) 
reports that yields of 2 to 5 gallQns per minute are common and 
wells tapping the more prolific solution channels may produce 
more than 25 gallons per minute. 
Group 4 includes the Ordovician sequence from the base of the 
Cotter Dolomite up through the Cason Shale. In ascending order 
the units of this interval are the Cotter Dolomite, the Powell 
Dolomite, the Everton Formation, the St. Peter Sandstone, the 
Joachim Dolomite, the Plattin Limestone, the Fernvale Limestone, 
and the Cason Shale. These Ordovician rocks crop out along the 
Buffalo River and its tributaries, and underlie and form the 
surface of the Salem Plateau in the northeastern part of the 
Buffalo River basin. Elsewhere this interval, Cotter through 
Cason, is present in the subsurface as it extends southward from 
the area of surface exposure beneath younger rocks. Where eleva-
tion is great, as in the Boston Mountains, the group 4 rocks are 
buried relatively deeply. 
The rocks of this Ordovician sequence are very thick and are 
primarily carbonate, limestone and dolomite, with minor amounts 
of shale and sandstone (see section on stratigraphy, page 111). 
In the limestone and dolomite water is present in fractures, joints, 
and solution· channels and along bedding planes. Springs are common 
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where thes~ features intersect the surface (see section on springs). 
These ancient carbonate rocks are generally dense, fine-grained, 
and impervious to ground water. Wells must penetrate the secondary 
openings in order to tap ground w~ter supplies; consequently, ae 
in the Boone Formation, two wells only a few feet apart at the 
same depth may supply markedly different volumes of water. 
The sandstone members of the Everton Formation and the St. 
Peter Sandstone are potential aquifers. However, locally the St. 
Peter Sandstone is well cemented with calcareous material (Giles, 
1922); the Everton sandstone is cemented both siliciously and 
with carbonate material (Shum, 1974). Where well cemented, these 
aquifers are of limited porosity and penneability_ Because· they 
crop out in the walls of streams in many parts of the basin, the 
Everton sandstone beds and the St. Peter Sandstone would be availa-
ble to water wells only at hilltop sites. Farther south in the 
subsurface they are a possible source of ground water. 
Little is known about the potential yields of the group 4 
sequence. Where water wells penetrate the solution channels, 
fractures, and productive bedding planes in the limestone and 
dolomite, yields commonly range from 5 to 10 gallons per minute. 
Porous or fractured zones of the St. Peter Sandstone and the Everton 
sandstone beds usually yield similar amounts. Anomalous wells in 
the shallow Ordovician rocks may produce more than 5 gallons per 
minute (Lamonds, 1972). 
Water Quality 
The chemical quality of ground water is affected measurably by 
the geologic character of the area in which it is found. The 
mineral content of ground water depends on the type and amount of 
soluble minerals in the rocks and the length of time in which the 
ground water is in contact with these rocks as it passes throug~ 
them. Pollutants, commonly the result of human activities, also 
may modify ground water, although ground water is less susceptible 
to such hazards than surface water. However, once polluted the 
ground water generally requires much more time for purification 
than surface· water. Ground water is more uniform in chemical 
quality and temperature, and contains less sediment and fewer 
bacteria than surface water. Ground water contains more dissolved 
material and may be considerably harder than surface water. 
Information on the ground water quality in the Buffalo River 
basin is severely limited. It is not possible, at this· time, to 
describe the quality of water in each aquifer or to recognize and 
delineate trends in ground water quality. The only information 
available for the Buffalo area was provided by the Arkansas State 
Department of Health and is.summarized in Table 23. Ground water 
in the Buffalo River basin, with few exceptions, is of good quality 
and is used without treatment throughout the area. 
In general, the ground water type in the Buffalo River basin 
depends on the rock present in the area. Most wells are not deeply 
cased; thus, below the point at which the casing is set all aquifers 
penetrated may contribute to the well so that the water is mixed. 
For this reason and because of lack of data, quality of ground 
water in the shallow aquifers is considered in this report by 
shallow aquifer group. 
Stee~e, et al. (1975), in a study in Northwest Arkansas, found 
water from limestone aquifers to be of calcium bicarbonate type, 
that from dolomite aquifers to be of the calcium-magnesium bicar-
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Table 23. CHEMICAL DATA FOR GROUNDWATER SAMPLES (PPM) 
Total Alka- Carb. Non-
·Date City Source pH Sol:fds Unity hard. carb. Ca Mg Fe Mn Cl S04 
7-71 Bass Well 1 8.0 222 172 160 0 48 9.7 0.9 0 2.5 4 
8-71 Bass Well 2 7.6 291 233 232 0 44.4 29.4 <0.05 <O .02 3 86 
7-69 Dogpatch USA Well l 6.9 270 238 218 0 58.8 17 T 0 3.5 16 
4-70 Dogpatch USA Well 2 7.8 247 174 140 0 30.4 15.5 0.1 0 . 27 16 
8-65 Hughes Sp. 7.4 207 197 186 0 70.4 2.4 T 0 4 T 
6-66 Jasper Well 8.2 173 142 139 0 28 17 T 0 9.5 15 
2-70 Jasper Well 7.3 184 137 137 s.o ·50.4 39 0.05 0 7 10.5 
3-72 Marshall Horton Sp. 8.2 193 172 152 0 . 58.4 1.5 0.2 0.1 6 4 
3-72 Marshall Scott Sp. 8.1 168 164 164 12 68 1.5 o.os 0.002 5.8 0 
1-72 Marshall Well 7.9 275 204 204 45.5 Jl.2 17.5 0.22 0.008 9.5 72 
5-68 Mt. Judea Well 7.0 177 145 140 0 53 1.5 0.35 0 1.5 T 
9-68 Mt. Judea Well 7.9 184 148 148 20 60.8 4 0.05 0 4.5 5 
8-65 Zack Sp. 7.3 203 192 184 0 69.6 2.4 T 0 3.5 T 
Source:. _Arkansas State Department ·of Health. 
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bonate type. and that from shale to be of the sodium-calcium 
bkarbonate type. These general rock type-water type associations 
are applicable in the Buffalo River basin. Ground water from the 
shallow aquifer group 1 Atokan rocks is of the sodium-calcium 
bicarbonate type; dissolved solids range from 20 to 200 milligrams 
per liter (mg/l). The water is soft to moderately hard _with a 
hardness range of 0 to 100 mg/l. Excessive amounts of iron may 
be present. Group 2 shallow aquifer rocks usually contain ground 
water of the calcium bicarbonate type; dissolved solids range from 
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·200 to 1200 mg/l. The water is moderately hard to very hard and 
has a hardness range of 100 to 200 mg/l. Excessive amounts of 
iron, sulfate, and sulfide are present locally in the grouqd water 
from shale and sandstone. Shallow aquifer group 3, a dominantly 
limestone sequence, characteristically contains calcium bicarbonate 
water with a dissolved solid range of 100 to 400 mg/l. · It is mo-
derately hard to very hard with a hardness range of S0-40Q mg/l. 
Shallow aquifer group 4, dominantly dolomite, contains ground water 
of the calcium-magnesium bicarbonate type. ·The water is moderately 
hard to very hard with a hardness range of 100 to 500 mg/l and a 
dissolved solid range of 100 to 650 mg/l (Lamonds, 1972). 
Deep Aquifer .System 
The deep aquifer system in the Buffalo River basin consists of 
those strata. below the base of the Cotter Formation and above the 
Precambrian basement rocks. The interval includes, in asce~ding 
order, the Upper Cam~rian Lamotte Sandstone, Bonneterre Dolomite, 
and Eminence Dolomite; and the Ordovician-Cjlge Gasconade Formation, 
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Roubidoux Formation, and Jefferson City Dolomite (Table2~. The 
deep aquifer system sequence of Cambrian and Ordovician rocks is 
dominantly dolomite with some sandstone units (see section on 
stratigraphy, page 111). The deep aquifers are present in the 
subsurface and do not crop out in the Buffalo area. They crop out 
across large areas of southern Missouri. This Cambrian-Ordovician 
sequence lies on the broad structural platform that dips southward 
from the Ozark dome in Missouri to the Arkhoma Basin in the Arkansas 
River Valley. These rocks and the overlying strata dip less than 
one-half degree beneath successively younger strata. At the margin 
of the Arkhoma Basin in central Newton and Searcy,Counties the 
dip steepens to approximately one degree or slightly more (Chinn 
and Konig, 1973). 
Little information is available on the ground water potential 
of the Cambrian rocks in Arkansas. The prohibitive cost of drilling 
deep wells has curtailed development of the deeper aquifers and 
relatively few wells in northern Arkansas have penetrated to such 
depths. There are no water wells in the Cambrian sequence beneath 
the Buffalo River basin. The Cambrian rock units are considered 
to be prolific water producers in southern Missouri where they are 
nearer the surface and are closer to their area of outcrop and re-
charge. Substantial ground water supplies may be present in the 
Cambrian rock beneath the Buffalo drainage area. However, the 
quantity of water undoubtedly is smaller than that in Missouri 
because of the greater depth of burial and greater distance from 
the area of recharge. At depth, the weight of the overlying 
rocks causes sandstone to be more compacted and better cemented; 
.. 
thus, porosity and permeability are reduced. Also, secondary 
openings in carbonate rocks generally decrease in number and size 
with depth (Lamonds, 1972). Salin~ ground water may be present 
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in the lower part of the Cambrian section, jeopardizing water qua-
lity. As the development of deeper aquifers proceeds, the quantity 
and availabili.ty.of the ground water of the Cambrian section beneath 
the Buffalo River basin should become known. 
Above the·cambrian strata are the Ordovician units of the deep 
aquifer system. Among these the Roubidoux Formation and the basal 
Gunter Sandstone Member of the Gasconade Formation are important 
ground water producers in southern Missouri and counties adjacent 
to the Missouri border in northern Arkansas. These units are 
potentially important ground water aquifers for the Buffalo River 
basin •. The chert-bearing dolomite of the Gasconade Formation 
above the Gunter Sandstone Member and below the Roubidoux has 
not been evaluated as to ground water potential. Numerous wells 
in northern Arkansas which penetrate the Roubidoux are completed 
in this Gasconade interval, which averages 400 feet in thickness. 
Significant increases in water production have not occurred in 
these Gasconade wells. The Jefferson City Dolomite, above the 
Roubidoux Formation and below the Cotter Formation, is the 
uppermost unit of the deep aquifer system. The dense dolomite of 
the Jefferson City is thought to be relatively impermeable and· the 
unit is not used as an aquifer in northern Arkansas. 
Large quantities of good quality gr~und water sufficient for 
municipal, industrial, or agricultural uses have been produced 
from deep wells in the Roubidoux Formation and Gunter Sandstone 
Member of the Gasconade Formation. These units are developed 
extensively for·water in southern Missouri and northern Arkansas 
by users needing larger quantities than are generally available 
from the shallower aquifers. At this time, extensive development 
of these aquifers in northern Arkansas has been limited by the 
prohibitive cost of drilling deep wells, and by the fact that 
large quantities of ground water generally are not required in 
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this dominantly rural and sparsely populated region. Domestic 
supplies are obtained from wells tapping the shallower aquifers 
well above the Roubidoux Formation. According to Melton (1975), 
the future development of large quantities of goo~ quality ground 
water in northern Arkansas depends primarily on the water-bearing 
properties of the Roubidoux and Gunter units. Because large sup-
plies of ground water are scarce in northern Arkansas, the economic 
development of the area depends in large part on the ultimate 
potential of-these aquifers. 
Information on the Roubidoux Formation and the Gunter Member 
in Arkansas has been published by Caplan (1960), Lamonds and 
Stephens (1969), and Lamonds (1972). However, in these studies 
the Roubidoux and Gunter are discussed in a cursory manner and the 
information is limited. The most comprehensive and enlightening 
report on these deep aquifers is by Melton (1975). The information 
herein relating the Roubidoux and Gunter to the Buffalo River basin 
was taken in part from this source. Additional work on the litho-
logic parameters of these units was done by Synder (1975). 
Three producing water wells in the Buffalo River basin have 
·penetrated the deep aquifer system. The water well at Marble 
• 
Falls (reference well 18) was drilled through the Roubidoux For~ 
mation and the Gunter Sandstone Member and was completed 43 feet 
into the Eminence. The well at Mars.hall (reference well 79) ~as 
drilled through the Roubidoux 75 feet into the Gasconade; ·the Big 
Flat water well (reference well 65) bottoms in the Roubidoux 243 
feet below itS····top. Ground water from these wells is undifferen-
tiated as to aquifer source because of the lack of casing. 
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The Gunter s·andstone Member of the Gasconade Formation is an 
interval of sandstone and sandy dolomite at the base of the G~sconade 
Formation. It is bound, above and below, by the chert-bearing 
dolomite of the Gasconade Formation and the Eminence Dolomite, 
.respectively. Extensive outcrops of the Gunter Member are known 
in central Missouri. From there it extends southward in the ~ub­
surface and is present beneath the Buffalo River basin. 
In Missouri, the Gunter Member averages 25 to 30 feet in 
thickness. Regionally, the Gunter thickens to the south and south-
east. Thicknesses of 20 to 40 feet are common throughout the 
northernmost counties in Arkansas. Thickness beneath the nort~rn 
part of the Buffalo River basin is approximately 40 to 50 feet; 
approximately 90 feet of Gunter.may be pre~ent beneath the southern 
part of the basin. The isopachous map (Figure42) shows the genera-
lized thickness of the Gunter Member in the Buffalo River basin. 
Locally the Gunter varies in thickness from place to place because 
the sand of the Gunter Member accumulated on the irregular erosional 
surface of the underlying Eminence Dolo~ite (Knight, 1954). 
Depth to the top of the Gunter beneath the Buffalo River basin 
depends on its location in relation to the structural platform· in 
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the area. Altitude of the top of the Gunter ranges from 800 fe2t 
below mean sea level to a~proximately 1600 feet below mean sea 
level from the northern part of the Buffalo River basin to the 
hinge line of the structural platform in central Newton and 
Searcy Counties. In the Marble Falls water well, the base of the 
Gunter is 1265 .... f~e:t below mean sea level. South of the hinge line 
the depth increases· greatly. Immediately south of the Buffalo 
River basin in southern Newton County the.top of the Gunter is 
2868 feet below mean sea level. 
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The Roubidoux Formation unconf ormably overlies the Gasconade 
Formation. It crops out over a large area of southeastern Missouri 
and is present in the subsurface south of this area. The Roubidoux 
consists of sandstone and sandy chert-bearing dolomite. The chert-
bearing dolomite beds of the Jefferson City Dolomite overlie the 
Roubidoux Formation. Like the Gunter, the Roubidoux in Missouri 
is varied regionally in lithology. The lithic variations, which 
affect the hydrologic properties of the Roubidoux, undoubtedly 
are present in the subsurface of northern Arkansas. 
The Roubidoux Formation ranges in thickness from 105 to 250 
feet in Missouri. Thickness increases regionally to the southeast. 
In the Arkansas counties adjacent to the Missouri border the Roubi-
dowc is as much as 260 feet thick. The isopachous map (FigurelB) 
s~ows the generalized thickness of the Roubidoux beneath the Buffalo 
River basin. The thickness increases southeastward from approximately 
180 feet in the northwestern part of the basin to approximately 260 
feet in the. southeast. In the Marble Falls water well (reference well 
18) , 180 feet of Roubidoux was found; .235 feet of Roubidoux is 
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present in the Marshall water well (reference well 79). 
Depth of the Roubidoux Formation beneath the Buffalo River 
basin reflects its position in relation to the structural platform. 
Beneath the northern part of the basin the top of the Roubidoux is 
approximately 200 feet below mean sea level. The depth of the top 
of the Roubidoux increases southward. At the southern margin of 
the structural platform in central Searcy and Newton Counties, the 
Roubidoux is approximately 1000 feet below mean sea level. In the 
Marshall well, the base of the Roubidoux Formation is 1265 feet 
below sea level, whereas in the Marble Falls well the base of the 
Roubidoux is only 376 feet below sea level. 
Hydrologic Characteristics 
The Ordovician strata of the deep aquifer system include the 
Gunter Member and the Roubidoux Formation which crop out across a 
large area of southern Missouri. The Ordovician rocks in the 
outcrop area are extensively fractured and permeable. In addition, 
karstlike conditions are common. Precipitation falling on southern 
Missouri tends to infiltrate the subsurface rather than run off 
on the surface. Thus, these rocks receive·a significant amount of 
recharge in the outcrop (State of Missouri, 1967). 
A secondary source of recharge to the deep aquifers is the 
water moving vertically through the overlying shallow rocks. How-
ever, such recharge is probably not great in comparison with the 
amount of recharge from the outcrop area. Water-level measurements 
at the deep aquifer wells at Marble Falls, Big Flat, and Marshall 
(reference wells 18, 65, and 79) indicate that the piezometric 
surface of the deep aquifers coincides w·ith that of the shallow 
aquifers. This relationship does not favor the downward see-
page of ground water into the deep aquifers, although it does not 
preclude it. In addition, where the deep and shallow aquifers 
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are separated by the Jefferson City Dolomite or other impermeable 
rock, these strata act as aquicludes and permit little shallow 
aquifer water to pass through into the deep aquifers. Undoubtedly, 
where faults and fractures connect the deep and shallow aquifers 
and the hydrologic head permits, downward movement of ground water 
occurs and with it recharge to the deeper aquifers. 
The principal areas of recharge of the deep aquifers are 
outside the Buffalo River basin. Supply is relatively constant 
within the basin, as local variations in precipitation do not 
directly affect the quantity of ground water present. Only major 
long-term changes in the climate of the area of recharge, aided 
by overproduction by water wells, ·could affect the supply available 
from the deep aquifers in the Buffalo River basin. 
Regionally, movement of ground water in the deep aquifer 
system is down the hydrodynamic gradient in the direction of dip, 
which is south. In the carbonate aquifers, the ground water moves 
along secondary openings such as fractures, faults, joints, solution 
channels, and bedding planes as the original rock is relatively 
impermeable. Thus, the ground water movement in the dense, deep 
dolomite aquifers depends upon the number and size of interconnected 
secondary ~penings. Most carbonate rocks have at least some fracture 
porosity and permeability. Hanson (1973), in a study of carbonate 
aquifers in northwestern Arkansas, confirms· the correlation between 
.... 
high yield wells and springs and their proximity to linear zones 
of rock fracture. Where· these linear fracture z.ones ·ex.tend into 
the deep aquifers, rapid movement of ground water occurs. In 
elastic rocks, such as sandstone, the intergranular spaces provide 
porosity and permeability and the movement of ground water is more 
uniform and not localized as in carbonate rocks. 
The rate of ground water ~ovemefit in the deep aquifers is 
probably not rapid, except along linear fracture zones.· Without 
exception specific capacities of wells in the deep aquifers ·are 
low. Specific capacity is the rate of discharge of a water well 
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per unit of drawdown. It is not only the measure of the performance 
of a well, but is also an indication of the performance of. the 
aquifer. Generally, high specific capacity indicates an aquifer 
with great transmissivity and rapid.movement of ground water. For 
the Big Flat Roubidoux well (reference well 65) specific capacity 
is 0.23 gallons per minute per foot of drawdown and for the Marble 
Falls well (reference well 18), which is drilled into the Eminence, 
specific capacity is 1.8 gallons per minute per foot of drawdown. 
Specific capacity data for the Marshall well are not available. 
The figures indicate that the ground water in the deep aquifers is 
primarily in storage and that 'little horizontal movement takes place. 
Discharge of ground water from the deep aquifers takes place 
by underflow generally to the south, pumpage, and upward vertical 
movement into the shallow aquifers. As was ~tated, the·piezometric 
surface of the deep aquifers coincides with that of the shallow 
aquifers~ The deep water is under enough hydro~tatic head to allow 
movement upward and into the shallower strata through connecting 
fractures. Of course, the hydrostatic pressure of the water in 
the shallow aquifers must be less than that of the water in the 
deep aquifers for this movement to occur. The quantity lost by 
the deep aquifers and gained by the shallow aquifers as a result 
of this transfer is probably not great. 
The ground water in the deep aquifer system is artesian. 
Above the Gunter Sandstone Member is the chert-bearing dolomite 
of the Gasconade Formation. However, the upper 50 to 75 feet 
of the Gasconade is dense~ finely crystalline dolomite with very 
little chert. The Jefferson City above the Roubidoux is also 
dense dolomite. These relatively dense impermeabl~units serve 
as aquicludes which produce artesian pressure. In the Marble 
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Falls well, the water rises to within 355 feet of the surface, 
whereas in the Big Flat water well it rises to within 656 feet of 
the surface. At Marshall, the water from the lower aquifers rises 
to wi.thin 206 feet of the surface. The piezometric surface created 
by the hydrostatic pressure of the deep aquifer system coincides 
with the piezometric surface of the shallow aquifer system. The 
hydrodynamic gradient of the deep aquifers is regionally to the 
southeast and locally to the south in the Buffalo area. 
Yields from wells drilled into the Roubidoux in Arkansas 
range from 30 to 600 gallons per minute,, although most yields 
are between 50 and 100 gallons per minute. Generally, higher 
yields can be expected in the counties adjacent to the Missouri 
border and lower yields are obtained on the south. The occasional 
higher yields may be associated with fracture patterns. Apparently 
most of the water from the Roubidoux Formation is· from the sandstone 
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units. In the Buffalo River basin, the Big Flat well (reference 
well 65) which is completed in the Roubidoux produces 54 gallons 
per minute with a drawdown of 237 feet. The water well at Marshall 
(reference well 79) in the Gasconade Formation produces 55 gallons 
per minute. Because these wells are not cased to the Roubidoux 
Formation they contain water from the overlying rocks as.well as 
water from the Roubidoux. 
The most productive aquifer in north Arkansas is the Gunter 
Sandstone Member. Yields of wells drilled into the Gunter range 
from 26 to 581 gallons.per minute. Most commonly, yields betwe~n 
185 and 300 gallons per minute can be expected. In the Buffalo 
River basin, the Marble Falls well (reference well 18) which was 
drilled through the Gunter into the Eminence Dolomite yields 250 
gallons per minute with a drawdown of 140 feet. As in the Roubidoux 
wells, yields from the Gunter include water from the overlying 
strata because of the lack of deep casing. 
The general practice in north Arkansas well drilling is to 
case off only the shallowest strata and to leave the rest of the 
hole open. This allows mixing of water from all the rocks pene-
trated by the well and makes it difficult to determine the yield 
and other hydrologic properties of the aquifer. In general, and 
especially for the deep wells, the more strata penetrated the 
greater the water supply. However, the maximum supply of water 
available from even the deepest wells is variable. If wells 
drilled through the Roubidoux into the Gasconade fail to produce 
sufficient quantities of water 7 one should expect to drill to the 
Gunter Sandstone Member at the base of the Gasconade. 
Water Quality 
Because wells in the deep aquifer system are left open, it 
is not feasible to sample water from individual aquifers. The 
water quality of the deep aquifers therefore is considered by 
group and not by individual aquifer. 
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The ground water of the deep aquifer system in north Arkansas 
is generally of very good quality. The chemical quality is rela-
tively uniform. The deep aquifer ground water is of the calcium-
magnesium bicarbonate type, reflecting the predominantly dolomitic 
character of the rocks. Thus, calcium, magnesium, and bicarbonate 
are the dominant constituents dissolved in the water. Dissolved 
solids range in content from 87 to 535 milligrams per liter (mg/l) 
in the deep aquifers of north Arkansas. In the Buffalo River basin, 
the dissolved solid content is 239 mg/1 at Marble Falls and 180 
mg/l at Big Flat. Other constituents are generally present, but 
only in small amounts. The water from the deep aquifers is hard 
to very hard. It is potable and can be used for human consumption 
with little or no treatment. 
Springs 
Springs in the Buffalo area are of little direct economic 
importance. Only minor quantities of spring discharge are used 
for municipal and domestic water supplies, medicinal purposes, or 
commercial·fisheries. Springs contribute to the area by sustaining 
the. flow of streams and by enhancing aesthetic qualities. Little 
is known of the origin and geologic characteristics of springs in 
the Buffalo area, an9 they are not monitored in sufficient detail 
to provide information necessary for a complete understanding of 
them. 
In the Buffalo River basin, springs range in size from 
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small seeps on hillsides and cliffs to strong flows issuing from 
valley floors.···· However, most are small and probably variable (e.g., 
respond quickly to precipitation and have little or no flow during 
dry weat~er). Data on several of the larger springs in the Buffalo 
River basin are summarized in Table 'l/.~ 
Most springs in the study areaare on.the Springfield and 
Salem Plateaus. In. these areas, rocks near the surface· are 
dominantly limestone and in places dolomite. Springs occur in 
these carbonate rocks where fractures, joints, and bedding planes, 
commonly enlarged by solution, intersect the surface. These 
rocks correspond to shai'low aquifer groups 3 and 4. On the Spring-
field Plateau, where the·Boone ·Formation forms much of the surface 
rock, the Boone Limestone is extensively fractured and pervious 
to water; thus, much precipitation infiltrates the subsurface. 
Water percolating downward through the Boone encounters impervious 
strata at its base. Consequently, a great many of the springs 
in the Buffalo area and throughout northern Arkansas are where 
these strata are exposed. The spring at Marble Falls issuing 
from the base of the St. Joe member of the Boone Formation is an 
example. In some cases, the impervious limestone below and in 
the more permeable sections of the St. Peter Sandstone and the 
Everton sandstone results in springs from these rocks (Giles, 1922). 
As the result of spring activity on the ·springf ield and Salem 
Table·24. DISCHARGE OF SELECTED SPRINGS 
Spring ·Number of Maximum 
Number Location Name Measurements Discharge Date 
(cfs) 
1 15Nl6W3bc Hugbes Sp. 9 7.89 5-12-66 
2 15Nl6Wl0acd Zack Sp. 2 1.11 8-29-68 
3 16Nl6Wl3bba Unknown 1 2.2 4-12-61 
4 '16N20W6dcd Unknown 1 1.27 5-02-68 
5 16N20W29abd Big Bear Cave Sp. 1 0.17 5-03-68 
6 16N20W29abd Unknown 1 0.54 5-03-68 
7 16N21Wl3ccd Unknown 1 0.62 5-02-68 
8 17N20W20cad Marble Falls Sp. 1 8.42 5-02-68 
9 17N21W25aad UnkQown 1 2.61 5-02-68 
Source: Lamonds and S~ephens (1969). 
Minimum 
Discharge 
(cfs) l 
Q.59 
0.70 
2.2 
1. 27 
0.17 
0.54 
0.62 
8.42 
2.61 
Date 
9..;09-65 
8-17-65 
4-12-61 
5-02-68 
5-03-68 
5-03-68 
5-02-68 
5-02-68 
5-02-68 
Average 
Discharge 
(cfs) 
2.55 
o.90 
..... 
°' 
°' 
Plateaus, ground water runoff (low flow) is relatively great 
and streams are sustained. In the Boston Mountains, the rocks 
near the surface correspond to shallow aquifer groups 1 and 2. 
Ground water runoff is reduced and surface runoff is great. 
Springs are not prevalent. 
Only three springs within the Buffalo River basin have been 
evaluated for water quality: the spring(s) at Marshall, H~ghes 
Spring, and Zack Spring (Table23). In general, these springs 
contain less dissolved material than wells in the same area. 
This finding is plausible because the rate of flow is greater 
in springs than in wells, and thus the length of time the ground 
water is in contact with rocks and is able to dissolve material 
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is shorter for springs than for wells. Where springs are in direct 
contact with surface runoff via fractures, contamination from 
effluents is a constant pollution hazard. 
Surf ace Water 
Runoff from the land surface is, in a sense, the residual 
water of the hydrologic cycle. It consists of water which flows 
directly over the surf ace of the land and water which has been 
released from ground water reservoirs into streams. It does not 
include water which has been lost to evapotranspiration (trans-
piration by plants and evaporation) or water which infiltrates 
the surface of the ~round and is held in storage. The quantity 
of surf ace water available is not predictable with precision and 
rel1ability because its distribution in time is never certain. 
Further, the mineral characteristics of the surface water vary 
with the passage of time and differ from place to place depending 
on the geologic formations and soils on which it flows. Thus, 
the runnof f cycle designates a description of wa~er and land and 
their interaction in the drainage area associated with a stream. 
1C3 
The quantity and quality of streamflow in the Buffalo River 
basin varies areally, seasonally and annually. In order to provide 
information concerning the interaction of water and land within 
the basin, the surface water is defined in terms of variability, 
average, duration, flood and low flows, and water quality. 
The data used for the quantitative analysis of the surface 
water consists of measurements of daily discharge from two United 
States Geologic~! SuTVey (U.S.G.S.) continuous record gaging sta-
tions located near St. Joe and Rush,. Arkansas on the Buffalo River. 
The St. Joe gaging station.is 58.3 miles upstream from the mouth 
of the river. Its drainage area is 825 square miles representin~ 
62 percent of the Buffalo River basin. The period of record 
available was October 1939 to September 1973. Although the Rush 
gage· has been discontinued, its record encompasses the period 
from October 1928 to September 1970. The drainage area for the 
Rush recording station was 1,091 square miles, representing 81 
percent of the Buffalo River basin. The Rush gaging station is 
24.3 miles from the mouth of the river. In addition to these two 
continuous record gaging stations data for the analysis of low-
flows was available from U.S.G.S. low-flow partial-record gaging 
stations on the Buffalo River at Pruitt, the Little Buffalo River 
at Jasper, Bear Creek near Marshall and Big Creek near Big Flat, 
Arkansas. Low-flows are the water in streams during periods of 
no precipitation. 
' 
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Variability of Flow 
The Buffalo River and its tributaries do not discharge water 
at their average rate at all times. There are seasonal and daily 
variations in runoff that combine to produce considerable contrasts 
in total runoff from year to year. These variations are due in the 
main to the distribution of precipitation in the form of rainfall 
and the interaction of temperatu~e and evapotranspiration rates 
upon that precipitation. The variability in average monthly runoff 
for the 20 year period of 1954 through 1973 is indicated by the 
record of the St. Joe gaging station (Figure~4). The variability 
of mean yea~ly runoff is indicated by the long-time record of the 
Buffalo River at Rush (Figure 45). 
Minimum streamflows in the area usually occur during the fall 
or late summer when precipitation rates are low and evapotranspira-
tion rates are high. Statistical analysis of the gaging station 
records !or the 44 year period from 1929 to 1973 shows that 76.5 
percent of the minimum flows occur equally during September and 
Octobe·r. Of the remainder, 14.5 percent occurs during August 
and the rest during July and November. The lowest streamflows 
reported on the Buffalo River were discharges of 12 cubic feet 
per second (cfs) on September 17, 18 and 20, 1954 at Rush and 6.6 
cfs on S~ptember 16, 17 and 20, 1954 at St. Joe. 
Maximum streamflows on the Buffalo River occur most often in 
the winter and spring. The stream gaging records over the 44 
year period from 1929 to 1973 show that 88.3 percent of the maximum 
flows occur from January through May. Of this 88.3 percent 66.0 
percent occur equally during March through May. The remainder ·of 
-en 
Figure 41•. Hydrograph of Mean Monthly Flows, 1954-1973, Buffalo River 
near s·t. Joe, Arkansas showing variability in sfreamflow .. 
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the maximum streamflows (11.7 percent) were found to be confined 
to October and December. Flooding, often the result of maximum 
streamflow, resulting from heavy rains may occur during any month 
but occurs most frequ~ntly during the spring months. The greatest 
known floods in the Buffalo area occurred at St. Joe on December 1.0, 
1971 with a discharge of 102,000 cfs and at Rush on April 15, 1945 
with a discharge of 121,000 cfs. 
Average Flow 
According to Chandler, Lines and Scott (1972) the long-term 
(20 years or more) average flow of a stream represents the water 
yield of the drainage basin and can be used to evaluate the·availa-
bility of surface water. Average flow data for the Buffalo River 
basin were derived from the U.S.G.S. recording stations at St. Joe 
and Rush. The base period used for computation of average flo~· 
in this report is 1929 through 1970 for the Rush station and 1940 
through 1973 for the St. Joe station. These periods contain a 
balance of wet and dry years. The av~rage discharge for the St. 
Joe and Rush gaging stations is 1040 cubic feet per second (cfs) 
and 1292 cfs, respectively. These values may be converted to 
millions of gallons per day (mgd) by the conversion factor 1 cf s = 
0.646 mgd. Thus, the average flow of the Buffalo River is 671.84 
million gallons per day at the St. Joe station and 834.63 million 
gallons per day at the Rush gage. 
Infiltration rates in the basin are low to moderate when 
compared to nearby basins. Average annual runoff for the Buffalo 
River basin ranges from less than 1.0 cubic feet per second per 
square mile (cfs/mi2) to more than 1.6 cfs/mi2 (Lamonds, 1972). 
2 Runoff for the entire basin averages about 1.2 cfs/mi • This 
• 
runoff is the actual water yield per square mile and may be 
defined as the average discharge rate (cfs) divided by the area 
from which it is derived (St. Joe, 829 square miles; ·and Rush, 
1091 square miles). According to Lamonds, highest runoff occurs 
in the Boston Mountains as the result of steep gradients and 
heavy precipitation. On the Springfield and Salem Plateaus where 
the average annual precipitation and gradients are lower the 
runoff is less. 
Duration of Flow 
The flow duration curve (Figure 46) provides an excellent 
comparison of the flow characteristics of streams because the 
slope and shape of the curve indicates the variability of stream-
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flow and the hydrologic characteristics of a drainage basin (Miller 
et al. 1974). More explicitly, the flow duration curve indicates 
the percentage of time for the period of record during which the 
mean daily flow indicated was equaled or exceeded. The flow 
duration curve provides information concerning the relative base-
flow and flood characteristics of a stream. In general, a curve 
with a steep slope denotes a basin in which the streamflow is 
mostly from direct runoff. A curve with a flat slope denotes a 
basin with a large groundwater storage capacity. 
Kazmann(l965) states that flow duration curves can be used 
to anticipate future streamflow conditions within the limits of 
probability; that is, the curve is representative of the percentage 
of time that various mean daily flows may be expected to be equaled. 
or exceeded in the future. It should be noted th.at the flow 
duration curve gives no information on the chronological sequence, 
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duration or frequency of streamflows. 
Flow duration curves of the Buffalo River at the St. Joe and 
Rush gaging stations (Figure46) graphically illustrate stream 
flow characteristics in the river basin. To construct the curves, 
the magnitude in cubic feet per second is plotted as ordinates 
while the corresponding percents of time are plotted as abscissas. 
Both curves are for the 20 year period of 1951 through 1970 and 
represent the mean daily flow at each station. 
~he St. Joe and Rush curves are essentially similar in slope 
and shape, differing only in magnitude of flow. Thus, it may be 
concluded that the basin characteristics for the Buffalo River at 
these two points are similar. The steep slope of each curve 
indicates that the Buffalo River is a highly variable stream 
deriving much of its flow from direct overland runoff. It can 
further be inferred that the natural groundwater storage of the 
Buffalo River basin is small because the steepness of the curve 
precludes large groundwater bodies with high specific yield 
draining slowly into the river. 
That portion of the flow duration curves exceeding 90 
percent duration represents groundwater discharge into the 
Buffalo River (Feder et al., 1969). The curves for the Buffalo 
River at St. Joe and Rush are not well sustained in this lower 
region, implying that the capacity of the geologic formations to 
store and yield water is small. The shape of the extreme.upper 
left part of the curves reflects the amount of runoff from periods 
of excessive precipitation. The steepness of the curve here 
indicated large amounts of runoff with little water infiltrating 
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the ground. Johnstone and Cross (1949) state that inferences 
such as the above can be drawn with confidence from duration 
curves of daily flow. 
Floods 
Floods occur frequently in the Buffalo River basin along the 
Buffalo River and its tributaries becaus~ the mountainous terrain 
enhances both high precipitation and rapid runoff. There is no 
general relationship between the annual water yield of an area 
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and flood flow. Flood flow results from periods of intense preci-
pitation. In the Buffalo drainage area, floods may occur at any 
time, but occur most frequently from January to May as the result 
of intense local storms. On the Buffalo River, channel capacities 
are estimated to be about 25,000 cfs in the St. Joe area, approxi-
mately 35,000 cfs from. St. Joe to Rush and about 45,000 cfs from 
Rush to the White River. Damage as the result of flood flow in 
the basin is limited due to the relatively large channel capacities 
and the small amount of human activity along the river. However, 
areas where floodplains exist are vulnerable to flooding. A 
knowledge of the magnitude and frequency of floods is necessary 
in order to minimize property loss and to insure proper design of 
bridges and other structures. 
The magnitude and frequency of floods on the Buffalo River 
at the St. Joe and Rush gaging stations are described by the flood 
frequency curves (Figures 47 and 48). These graphs were obtained 
from the United States Army Corps of Engineers (1964). Observed 
data for the period of record was used to construct the curves. 
These graphical curves employ the annual-flood series method in 
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which only the maximum peak discharge for each year is used to 
analyze the frequency and magnitude of floods. 
Analysis of peak flow data at each gaging station defines 
17? 
the relation between the magnitude of peak flow and its recurrence 
interval or probability of occurrence. For example,· at St. Joe 
(Figure 47) a flood equal to or greater than 95,000 cubic feet 
per second will occur once in an average 20 year interval. At 
Rush (Figure 48) for an average 20 year interval a flood equal to 
or greater than 105,000 cubic feet per second will occur. Thus, 
in the annual-flood series a flood discharge that has a recurrence 
interval of 20 years may be expected to be exceeded as an annual 
maximum on the average of once in 20 years. Likewise, a discharge 
that has a recurrence interval of 10 years is expected to be ex-
ceeded as the annual maximum on the average of once in 10 years. 
The probability of exceedence is the reciprocal of the recurrence 
interval; thus, a flood having a recurrence interval of 20 years 
has a 5 percent·· chance of occuring during any year. Kazmann (1965) 
warns that in spite of a statistical approach to magnitude and 
frequency of floods, it is actually impossible to calculate 
exactly what flood conditions nature will create at any given 
time. 
Low Flows 
The ability of a drainage basin to supply ground water runoff 
to streams is measured by the magnitude, frequency and duration 
of low streamflow. Thus, low-flows are the natural ability of 
streams to supply water, of course excluding overland surface 
runoff. Low-flows determine to some extent the development or 
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utilization of a stream since they illustrate the minimum amount 
of water to be expected. 
The runoff within the Buffalo River basin varies to a greater 
degree than is indicated by the nearly uniform rainfall pattern 
(Table al). Characteristically, low-flows occur most frequently 
in the late summer and fall and are most pronounced during drought 
years. These reduced flows often fall below one percent of the 
. . 
mean annual flow. 
Low-flow data for the continuous record gaging stations at 
St. Joe and Rush and for low-flow partial-record gaging stations 
within the basin are given in Table2~ which sunnnarized low-flow 
characteristics. These data, provided by Lamonds (1972), are 
for a standard reference period, 1929 through 1957. Table 25 
includes the mjnimum average 7-day and 30-day low flows that may 
be expected to recur at average intervals of 2 and 10 years and 
the magnitude of flows that were. exceeded 90 and 95 percent of 
the time. 
Low-flow frequency data relate recurrence interval to lowest 
average discharge for periods of various length during each cli-
matic year. For example, using the data from the table for the 
St. Joe gaging station the average low-flow of the Buffalo River 
will be less than 36 cubic feet per second for a 7-day period at 
intervals averaging 2 years in length; and for a period averaging 
10 years it would be less than 14 cubic feet per second. The 
30-day period of low-flows at St. Joe would be less than 41 
cubic feet per second for the interval averaging 2 years and less 
than 17 cubic feet per second for the interval averaging 10 years 
in length. The flow at St. Joe will equal or exceed 48 cubic 
• 
; 
Table 25. LOW-FLOW CHARACTERISTICS 
.Drainage Annual low-flow, cfs,.for 
s:: indicated recurrence interval 
0 ~ area 
•rot Q) Location in 
.µ .Q 7-day 30-day ~ § square 
en z miles 2-year,10-year 2-year 110-year 
556.8 Buffalo River at Pruitt, AR 190 3.3 - 4.6 -
557 Little Buffalo River at Jasper, AR 124 1.6 o.3 2.1 o.4 
560 Buffalo River Near St. Joe, AR 825 36 14 41 17 
565.1 Bear Creek Near Marshall, AR 78.3 3.4 1.3 3.9 1.6 
570 Buffalo River Near Rush, AR 1,091 46 22 64 30 
571 Big Cteek Near Big Flat, AR 90.3 1.0 0 1.5 0.1 
Source: Lamonds (1972). 
,, 
Flow, cfs, which 
was equaled or 
exceeded for indi-
: cated % .of time 
90% 95% 
5.0 3.2 
2.8 1. 3 
48 32 
4.5 3.0 
71 51 
2.3 o.s 
f-l 
00 
f-l 
feet per second 90 percent of the time (320 days a year) and will 
equal or exceed 32 cubic feet per second 95 percent of the time 
(338 days a year). Similar interpretations can be made for the 
other low-£ low stations using Table 25. 
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Low-flows along the Buffalo River and its tributaries are 
maintained by water from springs (see section on springs, page 164). 
The northern portion of the Buffalo River basin, which approximates 
the area qnderlain by the Boone Formation (Mississippian Age) and 
older strata (see geologic map, Figure40), has a relatively high 
ground water runoff when compared to the southern portion of the 
basin. Here, the Upper Mississippian and Pennsylvanian sandstones 
and shales have low permeability, causing an extremely high rate 
of runoff and relatively little infiltration and ground water 
storage (Lamonda, 1972). The area to the north which is und~rlain 
predominately by limestones and dolomites allows greater infiltra-
tion and storage of ground water because it is extensively fractured 
and pervious to water. Consequently, this area provides a higher, 
better sustained ground water discharge to streams to maintain low 
flows. 
Water Quality 
Water is never found in its pure state in nature. Substances 
derived from the natural environment and/or from the waste products 
of man's activities ultimately modify water. These substances 
which modify water are the basic criteria in the determination of 
water quality. Thus, the quality of water is the combined physical, 
chemical and biological characteristics which are present. 
In the Buffalo River basin, the quality of the surface water 
is controlled mainly by natural processes; that is, it is not 
influenced significantly by human activities. According to Chow 
(1964) climate and geology affect the quality of water in a river 
basin more than any other factor. The Buffalo River basin is no 
exception. The chemical quality of the water in the streams of 
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the Buffalo area reflects the presence of the type of geologic 
formations; especially during low-flows when base flow is made up 
primarily of ground water discharge from springs and seeps, which 
are similar in character to ground water in the basin. The surface 
water in the basin is of the calcium bicarbonate chemical type. 
Ground water is generally of this same chemical type (Lamonds, 
1972). The ground.water (see section on ground water quality, 
page 148) is more highly mineralized and more uniform in chemical 
quality and temperature than the surface water, which varies daily 
and areally. 
It is during periods ·of high runoff following heavy rainfall 
that the streams exhibit their most favorable chemical water-
quality characteristics. The rapid runoff in the Buffalo River 
basin prevents significant amounts of solution of surface materials. 
Therefore, in the streams minimum concentrations of dissolved 
minerals occur following periods of heavy rainfall while maximum 
concentrations coincide with low-flows. The surface water of 
course will contain maximum concentrations of suspended matter 
during periods of high runoff. 
The most recent and thorough investigation of the surface 
water quality of the Buffalo River and its tributaries was under 
the auspices of the National Park Service and conducted by the 
University of Arkansas Water Resource Research Center (1975). 
The purpose of this study was to establish a baseline for the 
present surface water quality of the Buffalo River system, so 
that changes in the water quality that may take place as the 
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result of the expected increased recreational use might be evaluated. 
Parker and Nix, in two separate studies, were the principal inves-
tigators of the physical and chemical characteristics of the above 
investigation. Steele was the principal investigator of the trace 
element geo~hemistry. A summary of these characteristics follows: 
Physical and Chemical Properties 
1. The surface water chemistry of the Buffalo River appears to 
be dominated by the rock strata through which it flows. Signifi- · 
cant increases in calcium, magnesium, sulfate and alkalinity (and 
thus hardness) were recognized in a downstream direction. This 
trend would reflect the change from the predominantly sandstone-
shale terrain upstream to the limestone-dolomite downstream. It 
also illustrates that the river continues to dissolve material 
from sediment as it flows. 
2~ Nitrate and orthophosphate levels are relatively low yet 
increase in concentration downstream, possibly as the result of 
an increase in agricultural runoff and domestic waste discharge 
into the river in those areas. 
3. Concentrations of calcium, magnesium and sulfate and values 
for specific conductance and alkalinity are higher for tributaries 
when compared to the mainstream of the Buffalo River. This is 
p~ausible because the tributaries contain a greater percentage 
of gro\llld water than the Buffalo River. Water in the Buffalo 
River is more diluted with surface runoff. 
•.. 
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4. Dissolved oxygen values for the Buffalo River (about 7.2 mg/l.) 
are above saturation values. Total organic content is low. Thus, 
oxygen depletion is minimal, and organic loading is not currently 
a problem but may become one during extended periods of low-flow. 
5. High concentrations of coliform organisms at various locations 
in the river indicate the possibility of fecal contamination. Thds, 
the Buffalo River water should not be used as a source of untreated 
drinking water and discharges of fecal waste should be closelv 
regulated in the watershed. 
6. The pH varies from 7.0 to 7.9. Temperature is essentially 
Constant. 
Geochemical Properties 
1. Sodilllll,potassium, iron and manganese sediment concentrations 
decrease downstream while calcium and magnesium sediments increase 
in concentration downstream. These trends are related to the 
change from a sandstone-shale environment to a limestone-dolomite 
environment. 
2. Anomalously high concentrations of zinc and cadmium exist in 
the river sediment below Rush. 
3.· There is a correlation between sediment composition and water 
chemistry. 
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Environmental Hazards 
Environmental strains inevitably become more numerous as human 
activity increases and as land· use practices intensify and become 
more diverse. These strains are the result of society's increasing 
demand on a relatively finite resource base~ The environment of 
the Buffalo River basin is such a resource. Potential for environ-
mental damage exists in the Buffalo River basin because of the 
increase in use caused by the creation of the Buffalo National 
River. Primary sources of ground and surface water pollution in 
the Buffalo River basin are septic tanks, sewage, oxidation ponds, 
landfills, animal waste, agricultural waste and recreational use 
of the Buffalo National River. 
The natural features that are inherent to the Buffalo River 
basin make the ground and surf ace water particularly susceptible 
to environmental hazards. Carbonate terrane exists in approximately 
the northeastern one-half of the Buffalo River drainage area, which 
corresponds to. that area encompassed by the Springfield and Salem 
Plateaus (Figure39). Ground water pollution and physical damage 
often result from a variety of land uses in carbonate terranes 
particularly where residual soils are thin to discontinuous and 
carbonate rocks are exposed at the land surface (Parizek et al., 
1971). Thus, environmental strains unique to carbonate terrane 
occur over large areas of the Buffalo River basin . 
........ '" 
The shallow aquifer system in the Buffalo area is readily 
susceptible to pollution, particularly in those areas dominated 
by carbonate strata and where fractures exist or where there is 
poor soil filtration. The deep aquifer system, while not as vul-
nerable, is susceptible where fractu~es allow the direct input 
of pollutant material. In ·the shallow carbonate aquifers the 
ground water is able to travel rapidly along solution channels 
and fracture zones. There~ore, the shallow wells and springs in 
the area are susceptible to the rapid input and distribution 
of pollutants. Because.of the ease with which water can move 
from the surface into the subsurface throughout many portions of 
the Buffalo River basin. surface disposal of. liquid and solid 
waste, both human and animal, must be carefully considered. 
In the southwestern half of the Buffalo River basin, the 
shallow aquifer system is dominated by sandstone and shale of 
Atokan age. Ground water from these non-carbonate rocks is not 
as vulnerable to pollution as carb·anate rocks because the water 
can be filtered as it travels through the intergranular pore 
spaces of the rock; however, pollution is still possible. It 
might also be noted that because of the steep slopes found in 
this area, soils are thin or often absent; thus, contaminants 
are not likely to be filtered as water infiltrates into the 
subsurface. 
In the carbonate areas of the Buffalo River basin, the 
limestone and dolomite at or near the surface is much more 
soluble than other rock types common to the Buffalo area, such 
as sandstone and shale. Precipitation falling on the area becomes 
weakly acidic (carbonic acid) and slowly dissolves the carbonate 
rocks at the surface and along bedding planes, joi~ts and frac-
tures. As a result. enlarged solution channels, caverns, sinks 
And residuum are common features. Because the residual soils are 
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thin, porous and transmit water freely in carbonate terranes, the 
water at the surface is able to infiltrate rapidly without fil-
tering into the subsurface. Once in the subsurface, ground water 
moves rapidly along solution channels and other permeable zones 
without natural filtering. Thus, the pollution susceptibility of 
carbonate terranes is great as contaminants are of ten not filtered 
out by natural processes. 
One of the most pertinent problems to be dealt with in 
rural land use planning is the contamination of ground water 
aquifers. Coughlin (1975), in a study of the geologic and en-
vironmental factors affecting ground water in the Boone Limestone 
in rural northwest Arkansas found that 80 per cent of the wells 
investigated were polluted as the result of human activities. 
Coughlin and other workers have also found high incidences of 
polluted ground water associated with wells or springs located 
on linear fracture zones. The Boone Limestone which crops out 
in Northwest Arkansas is also extensive in the Buffalo River 
basin. 
The steep slopes common to most areas of the Buffalo River 
basin also present environmental problems. Steep slopes often 
transmit pollutant material into the surface water system before 
it can be absorbed and filtered by the soil. Pollution of 
streams from over-land sources is a constant hazard in the Buffalo 
River area. Locally, defoliatants such as 2-4D and 2-45T are 
used in efforts to clear relatively steep slopes for pastures. 
Erosion of what soil is present and sedimentation of streams 
often are the result of such activities. In places, on steep 
slopes which have been cleared, shale beds may become unstable 
and result in landslidep or other processes of mass wasting. Dis-
posal of liquid waste is a particular hazard.where slopes are too 
steep for the con~truction of sewage lagoons, or where through 
negligence they have not been built. 
The steep slopes and rapid runoff in the Buffalo River basin 
lead to periodical flooding of the river and its tributaries. 
·Jr!ooding can occur in any valley regardless of whether the 
valley has a flowing stream, an intermittent stream. or no stream 
at all. Sewage lagoons or landfill sites constructed in flood 
prone areas are likely to be inundated by flood waters. 
Although the Buffalo River is, in most palces, unpolluted, 
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its increased use will inevitably result.in water quality problems. 
The Buffalo River near Mill Creek and the Little Buffalo River 
at Jasper are already contaminated by fecal material. The river 
will be particularly susceptible to pollution during periods of 
low-flow because only minimal amounts of water will be in the river 
during these times. Low-flows on the Buffalo occur commonly 
during the late summer and early fall. Particular care should be 
taken to avoid possible pollution of the river during low flows. 
Generalizations must be made when discussing potential 
environment hazards because so many variables are involved. 
However, within the Buffalo River basin, many geologic conditions 
are conducive to environmenta~ problems, particularly ground and 
. surface water pollution. Land use planning and management studies 
which emphasize the geologic environment are necessary to protect 
the Buffalo area from physical damage and water pollution. 
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VEGETATIONS ON SELECTED SITES 
General information about the vegetation of the Buffalo River area 
has been known for many years, but few ecological studies have been 
made. Read (1952) correlates the occurrence of tree species with 
soils and underlying rocks in the Koen Experimental Forest in Newton 
County, Dale (1973) describes general habitat conditions and vegetation 
communities of eight sites along the river, and Thompson (1975) presents 
an annotated checklist of vascular plants of Lost Valley and correlates 
the occurrence of principal forest community types with soils. However, 
some of the areas of interest to the present study have not been fully 
investigated, and quantitative field data on distribution, numbers, 
and sizes of principal species have not been used consistently as a 
basis for plant community descriptions. Also, very little information 
is given concerning the ecological relations of saplings and high and 
low understory species present in the principal forest types. 
The primary objectives of this study were to identify and locate 
the principal vegetation types present, determine relationships between 
these vegetation types and environmental conditions, and investigate 
successional trends as influenced by environmental conditions near the 
river. Secondary objectives were to correlate soil and other environ-
mental conditions with principal vegetation types and to inventory 
vascular plants present in selected study sites. 
Methods 
A field reconnaissance of areas selected for study was made in 
June, 1975 for orientation purposes and to plan the work. Vegetation 
... 
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sampling was started in July and continued at varying intervals during 
July and August. 
Trees over 3. 5 inches in diameter breast high ( d. b. h. ) were sampled 
by means of the augmented variable radius method as described by Rice 
and Penfound ( 1955). Saplings between 1 inch and 3. 5 inches d. b. h. and 
high understory between 5 feet tall and 1 inch d.b.h. were sampled by 
one one-hundredth acre arm-length rectangles (Penfound and Rice, 1957). 
Low under story ( forest floor) vegetation less than five feet tall was 
determined by a modification of the crosswire sighting tube method 
described by Winkworth and Qoodall (1962). 
All sampling points were determined randomly. 
Field data for trees were converted to importance values (Curtis 
and Mcintosh, 1951), high and low understories to density per acre 
. (numbers of individuals, by species ) and low under story (forest floor) 
vegetation to percent cover. Briefly, the importance value is a figure 
representing the combined values of relative frequency (a measure of 
distribution), relative de~sity (number of individuals) and relative 
basal area (a measure of size). It represents an overall sununation 
figure useful for determining relative importance of a given tree 
species within a forest community or for comparison of tree species 
of one community with another. 
The various vegetation community types present were determined from 
a study of the compiled data and arbitrarily designated by principal 
species present. The locations and boundaries of these communities were 
determined and indicated on maps on the basis of ground observations 
·supplemented by studies of black and white vertical photographs and low-
angle Kodachrome.and Ektachrome infrared transparencies taken from an 
altitude of about 1000 feet in October, 1975. 
Soil samples were taken in July and August from all sites sampled 
and sent for analysis to the University of Arkansas Soils Laboratory, 
Department of .Agronomy. 
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Duplicate voucher specimens of vascular plants were collected at 
various times during the investigation, pressed, dried, labeled, and 
mounted. One set of these collections i~ on file in the University 
of Arkansas Herbarium and the other set was sent to the Superintendent, 
Buffalo National River. 
Designation of Dominance and Important Secondary Species 
A plant which characterizes and exerts control over a plant 
community is termed a dominant (Clements, 1916; Costing, 1956). 
According to Rice and Penfound ( 1959), trees with an importance per-
centage of 25 or more are considered dominant species and those with 
I.P.s between 5 and 25 are considered as important secondary species. 
Since the importance percentage is equivalent to the importance value 
divided by J, importance values of 75 or more are dominants and those 
between 15 and 75 are important secondary species. These values are 
in general agreement with results of studies by Hite (1960), Bullington 
(1962), Fullerton (1964) and Youree (1969) in northwest Arkansas and 
Sullins (1969) in north central Arkansas. 
It is generally recognized that in order for a species to dominate 
a forest community, it must be in the overstory. Other species, 
however, may show dominance within their own stratum. Saplings and 
high understories are considered as dominants if their density values 
are 100 or more per acre and as important secondary species with 
densities between 60 and less than 100 per acre. Plants in the low 
understory are dominant with cover percentages of 10 or more, and 
important secondary species with percentages between 5 and 10. 
.. 
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Results and Discussion 
There are nine major forest types present in the three sites where 
vegetation was sampled. These types arranged along an increasing 
moisture gradient are the cedar glade {Juniperus virginiana) type, ·post 
oak {Quercus stellata) type, pine-oak {Pinus echinata, Quercus spp.) 
type, black oak { Quercus velutina) type, white oak { Quercus ~) type, 
mixed hardwood type, beech (Fa~s grandifolia) type, elm-oak-maple 
(Ulmus americana, Fraxinus pennsylvanica, Acer saccharinwn) floodplain 
type, and the willow (Salix caroliniana, Salix interior) or gravel-bar 
type. 
The cedar glade at Buffalo Point, Site 8 (M'ap 1), is typical of 
many other glades of this and nearby areas (Kucera and Martin, 1957; 
Hite, 1960; Sullins, 1969; and others). These glades are almost 
always associated with limestone or dolomite and occur frequently on 
the tops and sides of limestone bluffs along the Buffalo and other 
major rivers in the Ozarks. 
The soils are typically thin and dry, with high calcium ·content and 
pH values near neutral (Table 26). 
The only dominant tree species present at Site 8 is red cedar 
{ Juniperus virginiana), with chinquapin oak ( Quercus prinoides), 
white oak { Quercus ~), post oak ( Quercus stella ta), Shumard o.ak 
( Quercus shumardii) and mockernut hickory ( Carya tomentosa) occurring 
as important secondary species. Mockernut hickory and white ash 
(Fraxinus pennsylvanica)_are dominant in both sapling and high understory 
layers, and winged elm (Ulmus alata) dominates in the high understory 
only ( Table t7 ) . 
193a 
Open areas at most glade sites frequently support stands of prairie 
grasses and forbs, but this was not the case at Site 8. The presence 
of poison ivy (RllUs radicans) as a dominant and almost total lack of 
prairie species suggests that overgrazing or other disturbance occurred 
in the past or that grasses have been suppressed by a dense overstory 
canopy (Table 28) • Also, the large number of oaks in the tree over-
story and other hardwood species in understories indicate that an oak 
forest type is rapidly developing at this site. 
Post oak forests usually occur on hilltops and south- or west-facing 
slopes with thin, dry soils where drainage is excessive. The typical 
open canopy admits large amounts of light, which in turn, raises soil 
temperatures and increases moisture loss. 
A representative post oak forest located at Buffalo Point, Site 1, 
is characterized by the occurrence of post oak as the only dominant 
with black hickory ( Carya texana), black oak, mockernut hickory and 
short-leaf pine as important secondary species. Blackjack oak (Quercus 
marilandica) frequently occurs as a co-dominant in many dry upland forests 
of this type, but none was present at this site. 
Dominance was lacking in the sapling-sized trees, but post oak, 
black hickory, wild plum ( Prunus americana), sumac ( Rlms copallina) 
and winged elm dominated in the high understory (Table 29). 
The extensive ground cover of the low understory at this site 
(77%) and the large number of different species present indicate 
extensive past disturbance (Table30). 
Pine-oak forests occur in more or less isolated areas in sites 
similar to those supporting post oak or post oak-blackjack oak-black 
oak forests (Turner, 1935). 
Soils of the pine-oak forests are generally somewhat sandy and 
dry with pH values usually between 4.5 and 5.5. 
Short-leaf pine (Pinus echinata) is the only dominant overstory 
tree in the pine-oak forest at Buffalo Point, Site 5, and white oak 
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and black oak are the only important secondary species. Pine and 
flowering dogwood ( Cornus florida) are dominant saplings and high under-
story species, and black gum (Nyssa sylvatica) and winged elm dominate 
the high understory only. 
No species occur as a dominant in the low understory, but Johnson 
. grass (Sorghum halepense) and poison ivy (Rlius radicans) are present 
as important secondary species. 
Pine forests at BuffaloPoint, Site 6 and Site 9, are essentially 
similar except that oaks are co-dominants with the pine. Also, species 
such as white oak, cedar ( Juniperus virginiana), chinquapin oak ( Quercus 
prinoides), northern red oak ( Quercus borealis), blackjack oak, black 
hickory and sassafras (Sassafras albidum) occur as important secondary 
species in the overstory or as dominant saplings or high understory species. 
Low understory dominants in these other sites include broomsedge 
(Andropogon virginicus ), poison ivy (Rhus radicans) and dryland blueberry 
(Vaccinium vacillans). 
Black oak forests are found principally on upper slopes and ridges 
intermediate in moisture conditions between post oak and white oak 
(Quercus alba) types on east- or west-facing slopes and ridges, and less 
coIIllllonly on north- or south-facing slopes (Turner, 1955). Black hickory 
is usually associated with white oak, mockernut or black hickory, post 
oak or pine. Also, black oak or black oak-hickory forests are the most 
common forest types of the Ozarks. 
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The four black oak forests examined in this study are located at 
Buffalo Point, Sites 3 and 4, Lost Valley, Site 5, and Leatherwood Creek, 
Site 1 (Maps 1, 2, and J). 
The forest at Buffalo Point, Site 4, is typical. Black oak occurs 
as the only dominant and white oak, short-leaf pine, mockernut hickory 
and post oak are important secondary species. Mockernut hickory is 
a dominant sapling _and high unders·cory species, and black oak and. 
sassafras (Sassafras albidum) dominate the high understory (Table 33 ) • 
No species is a dominant in the low understory, but wild grape 
(Vitis sp.) a.I?-d sassafras are important secondary species (Table 34). 
White oak forests are the most mesic of the common upland forest 
types that o·ccur throughout the Ozarks. It is usually found on north-
facing, gentle slopes or on upper slopes of protected ravines. Also, 
it occurs in the bottoms of valleys of small mountain streams (Turner, 
1935). 
The soils are usually deep and well drain_ed, fairly high in organic 
matter and with a pH genera~ly between 5.2 and 5.5. 
The white oak forest at Lost Valley, Site J, is typical. The 
overstory is dominated by white oak, although black oak occurs as a 
weak ( I. V. 75. 2) co-dominant. :Mockernut hickory and white ash are 
important secondary species at Site 3 (Table 35), and northern red oak 
(Quercus borealis), black oak, and post oak are in this category in 
·the white oak forest at Buffalo Point, Site 7. White oak and mockernut 
hickory are dominant saplings and mockernut hickory and winged elm 
are dominant in the high understory. Flowering dogwood ( Cornus florida) 
· occurs frequently as a dominant sapling or high understory species in 
white oak forests elsewhere in the Ozarks (Youree, 1969; S~lins, 1969), 
but not in the stands sampled at Lost Valley or Buffalo Point. 
Percent cover is relatively low in most well-developed forests of 
this type, primarily because of the characteristically dense overstory 
canopy. Hickory and dogwood are dominants and white oak is the only 
important secondary species of the low understory at Lost Valley, 
Site 3 (Table 36). 
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Mixed hardwood forest.types of the Buffalo River area and elsewhere 
in the Ozarks are restricted primarily to sides of upland ravines and 
transition zones between upland and floodplain types of forest. Habitats 
are moist most of the year, and soils and vegetation are highly variable. 
These areas usually support large number of different species typical 
of both uplands and lowlands, and overstory tree species rarely occur 
as dominants. One exception was noted at Buffalo Point, Site 2, where 
white oak is present as a dominant with an importance value of 95.0. 
The mixed hardwood forest at Lost Valley, Site 2, supports more 
different species than any other forest type. Black oak, southern 
red oak, white oak, and flowering dogwood occur as important secondary 
species in the overstory and dogwood is the only dominant sapling. 
Black hickory, winged elm, hazel brush ( Corylus americana) and tree 
huckleberry (Vaccinium arboreum) are dominants in the high understory, 
and hog peanut (Amphicarpa bracteata) is the only dominant of the low 
understory (Tables 3.7 and 38 ) • 
It should be noted that important secondary species in overstories 
at other sites include sweetgum ( Liquidambar stryaciflua), mockernut 
hickory, black gum (Nyssa syl vatica), dogwood, beech ( Fagus grandifolia) 
and northern red oak. Also, dominant and important secondary species 
of sapling and high understory strata at other sites, in addition to 
those listed as present at Lost Valley, Site 2, are black gum, 
witchhazel (Hamamelis virginiana), paw-paw (Asimina triloba), blue 
beech (Carpinus caroliniana), post oak, and black oak. 
Beech forests, particularly those in relatively undisturbed 
condition, are rare in the Ozark region and are generally regarded 
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as outliers of mesophytic forests of the southern. Appalachians. They 
are usually small, seldom covering more than a few acres and are 
restricted to moist, sheltered upland habitats on north- or northeast-
facing slopes or along the sides of ravines near floodplains. 
The beech forest at Leatherwood Creek, Site 1, is the only forest 
of this type examined, although the frequent occurrence of beech was 
noted in mixed hardwood forests at Lost Valley. 
The only dominant tree at Leatherwood Creek, Site 1, is beech, 
but ironwood (Ostyra virginiana), black hickory, and shagbark hickory 
(Carya ovata) are present as important secondary species. It should 
be noted also that the cucumber tree {Magnolia acuminata) which is 
relatively unconunon in most of the Ozarks is almost an important 
secondary species with an importance value of 22.1. 
Dominant saplings are sugar maple {~ saccharum) and dogwood, 
and dominant high understory species are beech, ironwood, sugar maple, 
dogwood, and witchhazel. 
No species occur as a dominant in the low understory although 
poison ivy, ironwood and virginia creeper {Parthenocissus guinquef.olia) 
are present as important secondary species. 
Elm-ash-maple floodplain forests are conunon along most of the 
larger streams in the Ozarks although most of them have been destroyed 
or extensively altered. These areas are subject to flooding at least 
once or twice every year and their deep, rich soil make them 
particularly well suited for agricultural uses. 
Species composition of the elm-ash-maple forest examined at 
Buffalo Point, Site 10, is essentially the same as floodplain forests 
described by Dale and Fullerton (1964) along the White River or by 
Youree (1969) along the Illinois in northwest Arkansas. However, the 
low basal area of trees (44.1 square feet per acre) and presence of 
large numbers of weeds such as bouncing bet {Saponaria officinalis), 
meadow fescue (Festuca elatior) and tall ragweed (Ambrosia trifida) 
reflect the extensive disturbance of this forest in years past. 
Green ash and American elm occur as dominants and silver leaf 
maple (~ saccharinum) as an important secondary species of the . 
overstory. No saplings occur as dominants, but green ash and cane 
(Arundinaria gigantea) dominate the high understory (Table 42 ) • 
The only dominant in the low understory is Virgina wild·· rye 
(Elymu.s virginicus) which is the most common native low understory 
species in forests of this type (Table 42• .. ) • 
The willow forest type is present adjacent to floodplain forests 
on gravel bars in most rivers of the Ozarks and Ouachitas. 
Ward willow (Salix caroliniana) and sandbar willow (Salix 
interior) are the most common species at Buffalo Point, Site 11. 
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These two species collectively comprise roughly 85 percent of the 
vegetation on the basis of density and much more than that on the 
basis of biomass (Table 43 ) • This is true also at nearly all other 
places where this type occurs. 
The low understory at Site 11 is comprised mostly of weeds, with 
poor jo {Diodia teres) and crabgrass {Digitaria adscendens) occurring 
as the only dominants (Table 44 ) • 
Weed populations of such areas vary considerably at different 
locations and at different times of the year, depending on the nature 
of seed sources and degree and time of flooding and deposition of 
seeds along banks and on gravel bars. 
The foregoing description of results of this study will be 
supplemented l~er by a Master's Thesis by Stephen Bailey, Graduate 
Assistant. 
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Map 1. Buffalo Point. Sampling sites are indicated by 
numbers surrounded by heavy lines. Numbers not 
underlined indicate sites where quantitative 
vegetation sampling was accomplished. Underlined 
numbers show sites not sampled, but where field 
observations indicated that the forest type present 
was essentially the same as in a quantitatively 
sampled site with the same number. The kinds of 
forest types present are listed below: 
Site 1 - Post oak 
2 - Mixed hardwood 
. 3 ..;. Black oak 
4 - Black oak 
5 - Pirie-Oak 
6 - Pine-Oak 
7 - White oak 
8 - Cedar Glade 
9 - Pine-Oak 
10 - Elm-Ash-Maple 
11 - Willow 
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Map 2·. · ·. Lost Valley. Sampling sites are indicated by· 
numbers surrounded by heavy lines •. The kinds 
of forest ty.pes· present are listed below: 
Site 1 ~ Mixed hardwood 
. 2 - Mixed hardwood 
3 .... White oak 
4 - Mixed hardwood 
. 5 - Black oak 
·6 - Post oak 
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Map 3. Leatherwood Creek. Sampling sites are indicated by 
numbers surrounded by heavy lines. Numbers not 
underlined indicate sites where quantitative 
vegetation sampling was accomplished. Underlined 
nwribers show sites not sampled, but where observations 
indicated that the forest type present was essentially 
the same as in a quantitatively sampled site with the 
same number. The kinds of forests present in each 
site are listed below: 
Site 1 - Beech 
Site 2 - Black oak 
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Table 26. Soil factor·s of different forest types at 
selected locations, Buffalo National River. BP 
refers to Buffalo. Point, Lv·to Lost Valley and 
LC to Leatherwood Creek. Locations of 8.11 sites 
are indicated on Maps 1, 2 and 3. Soil samples 
were taken in July, 1975· . 
Forest Site pH % lbs/A lbs/A lbs/A lbs/A Type OM p K Ca Na 
Post Oak· BP-1 6.1 3.80 27 195 3500 115 
Mi.Xed Hardwood BP-2 6.3 3.32 34 130 .2700 145 
Black Oak BP-3 6.4 3.80 47 245 5000 160 
Black Oak BP-4 5.2 3.80 23 135 1650 145 
Pine-Oak BP-5 5.6 3.38 28 .210 1950 140 
·Pine-Oak BP-6 5.2 3.80 16 145 2200 150 
White Oak BP-7 5.4 3.85 40 165 . 1450 110. 
Cedar Glade BP-8 6.5 3.91 60 400 5000 135 
Pine-Oak BP.;..9 4.6 3.90 20 100 2100 110 
Elm-Ash-Maple_ BP-10 8·.2 2.40 28 130 3650 140 
Willow BP-11 . 8.6 2.28 24 65. 3500 140 
Mixed Hardwood LV-1 6.o 3.80 45 155 .. 3250 135 
· Mixed· Hardwood LV-2. 5.2 3.50 15 125 .1350 lJO 
White Oak LV-3 5.3 3.32 13 145 950 140 
Mixed Hardwood LV-4 5.2 3.80 17 160 2300 150 
Black Oak .LV-5 . 5.9 3.38 15 170 2200 140 
Cedar Glade LV-6 6.5 3.60 7 225 9800 115 
Beech LC-1 5.7 3.42 9 245 6400. 145 . 
Black Oak LC-2 4.5 3.38 10 135 450. 145 
lbs/A 
Mg 
120 
175 
205 
240 
240 
235 
275 . 
290 
140 
160 
145 
240 
135 
250 
240 
250 
195 
230 
105 
,,,. 
205 
Table 27. Species present, importance values of trees, 
and density per acre o* saplings &1d high understory 
of a cedar glade at Buffalo Point., Site .8. Basal 
area of trees is 118 square feet and density.is -520 
per acre. Dash (-) indicates that the species wa~ 
not present. 
Impot'tance Saplings High Understory 
Species Value Density ;per Acre Density per Acre 
Juniperus 'rirginiana 223.5 ·60 60 
Quercus prinoides 38.4 60 60 
Que-rcus alba 36.7 20 
Quercus stellata 31.6 . 20 
Quercus· shumardii 31.6·. 40 20 
Carya tomentosa 15.5 100 120 
Fra.xinus americana 13.S 120 160 
Quercus·velutina 5.1 
Cacya texana 1.7 40 
Diosp:rros virginiana 1.7 20 . 20 
.Rhanmus caroliniana so 
Cercis canadensis 40 
Ulmus alata 20 240 
·Prunlis se·rotina 20 
Prtinus ·mexicana 40 
Ulmus rubra so 
Viburnum.rufidulum 60 
. Pinus echinata 20 
Morus rubra 60 
Celtis reticulata ~ 20 
Ostr.va·virginiana 20 
Totals • • • 4So 1140 
Table 28 • Species present and percent cover of low 
understory vegetation of a cedar glade at 
Buffalo Point, Site 8. · 
Species 
~ radicans 
Parthenocissus quinguef olia 
Ostrya virginiana 
Fraxinus arne ricana 
Helianthus divaricatus 
Pron.us mexicana 
Verbesina sp. 
Amphicarpa bracteata 
Juniperus virginiana 
Galium sp. 
Smilax bona-nox 
Carex sp. 
Monard.a bradburiana 
Vitis sp. 
Misc. forbs 
Misc. grasses 
Total • • • 
Percent Cover 
20 
7 
6 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
8 
-
58% 
206 
207 
Table 29. Species present, importance value of trees, 
and density per acre of saplings and high l.lllders-t;,ory· 
of a post oak forest at Buffalo Point, Site 1. Basal 
area of trees is 56 square feet and density is 140 
per acre. Dash (-) indicates that the species was 
not present. · 
Importance Saplings High Understory 
Species Value Density per Acre Density per Acre 
Quercus stellata i36.o 80 
.140 
Carya texana 35.5 20 100 
Quercus velutina 35.5 
Pinus echinata 35.5 40 so 
Carya tomentosa 35.5 40 40 
Quercus prinoides 10.7 20 
Jl.Uliperus virginiana 3.6 
Fraxinus arnericana 3.6 
Quercus shumardii 3.6 
Prunus arnericana 60 220 
Rhus copallina 240 
Ulmu.s alata 200 
Sassafras albidum so 
Cercis canadensis 20 40 
Vaccinium arboreum 40 
Celtis laevigata 20 
Diospyros virginiana 20 
Rhus aromatica 20 
Misc. saplings 40 
Totals • 300 1260 
Table ll Species present and percent cover of low 
understory vegetation of a post oak forest at 
Buffalo Point, Site 1. 
Species Present 
Vitis aestivalis 
Desmodium sp. 
Helianthus divaricatus 
Sorghum halepense 
Berchemia scandens 
Smilax bona-nox 
Pru.nus americana 
Vaccinium arboreum 
Rhus radicans 
~ copa.llina 
Scleria sp. 
Silphium terebinthinaceum 
Celtis laevigata 
Monard.a sp. 
Dioscorea villosa 
Antennaria plantaginif olia 
Heuchera sp. 
Ulmus alata 
Quercus stellata 
Zizia aurea 
Tararlcurn sp. 
Sassafras albidum 
Percent Cover 
7 
6 
5 
5 
5 
4 
4 
4 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
208 
209 
Table 30. 
(cont'd.)-
Species Present Percent Cover 
Carya· cordif ormis 1 
Misc. forbs 7 
Misc. grasses 11 
---Total ••• 77% 
210 
Table 31. Species present, importat)ce values of trees, 
and density per acre of saplings and high understory 
of a pin~-oak forest at Bufftlo Point," Site 5. Basal 
area of tre~s is 130 square feet and density is 560 
per acre. Dash (-) indicates that the species was 
not present. 
Importance Saplings _High Understory 
Species Value Density per Acre Density per Acre 
pjpus echinata 191.2 280 120 
Quercus ~ 30.1 20 
Quercus velutina 25.6 20 
Cornus florida 22.9 100 120 
Nyssa sylvatica 21.0 80 200 
Quercus falcata 4.6 
Ulmus alata 3.1 20 240 
Acer saccharum 1.5 
-
Amelanchier arborea 60 
Ostrya virginiana 60 
Carya tomentosa 120 80 
Prunus americana 20 40 
Diospy-ros virgin.iana 20 
Quercus stellata 20 
~ copa.llina 20 
Juni:perus virginiana 20 
Liguidambar styraciflua 20 
-
Totals • • 620 1060 
.-. 
Table 32 • Species present and percent cover of low 
understory vegetation of a pine-oak forest at 
Buffalo Point, Site 5. 
Species Percent Cover 
Sorghum ha.lapense 9 
~ radicans 7 
Vacciniurn vacillans 4 
Andropogon virginicus 4 
Amphicarpa. bracteata 4 
Cornus florida 3 
Panicurn sp. 3 
Vitis vu.lpina 
.3 
Vacciniurn arboreurn 2 
Quercus ~ 2 
Helianthus di varicatus · 2 
Nyssa sylvatica 2 
Aster anomalis 1 
Antennaria plantaginif olia 1 
Prunus serotina 1 
Smilax bona-nox l 
Rubus sp. l 
Zizia aurea 1 
Quercus marilandica 1 
Carya tomentosa l 
Taraxicum of ficinale 1 
Misc. forbs 8 
Total • 
• • 62% 
211 
212 
Table 33 • Species present, importance values of trees, 
and density per acre of saplings and high understory 
of a black oak :forest at Buffalo Point, Site. 4. 
Basal area of trees is 128 square feet and density 
is 480 per acre. Dash (-) indicates that the 
species was not present. 
Species 
Quercus velutina 
Quercus alba 
Pinus echinata 
Carya tomentosa 
Quercus stellata 
Quercus f alcata 
Nyssa sylvatica 
Quercus marilandica 
Ulmus alata 
Cornus florida 
Prunus americana 
Amelanchier arborea 
Acer rubrum 
-
Diosp.yros virginiana 
Carya cordiformis 
Sassafras albidum 
Importance 
Value 
139.l 
70.3 
37.4 
22.9 
22.4 
4.7 
3.1 
Totals . . . 
Saplings High Understory 
Density per Acre Density per Acre 
80 
80 
200 
60 
60 
20 
40 
40 
20 
600 
160 
60 
-
220 
20 
60 
40 
20 
20 
60 
20 
20 
40 
20 
260 
1020 
Table 34. Species present. and percent cover of low 
understory vegetation of a black oak forest at 
Buffalo Po.int, Site 4. 
Species Present 
Vitis sp. 
Sassafras albidum 
Vaccinium vacillans 
Amphicarpa. bracteata 
Diospyros virginiana 
Rhus radicans 
Zizia aurea 
Ceanothus americanus 
Panicum sp. 
Carya tomentosa 
Helianthus divaricatus 
Cornus florida 
Quercus alba 
Smilax bona-nox 
Coreopsis palmata 
Desmodium paniculatum 
Rubus sp. 
Parthenocissus quinguef olia 
Prunus serotina 
Misc. forbs 
Percent Cover 
6 
5 
4 
4 
3 
3· 
2 
2 
2 
2 
2 
1 
1 
l 
1 
l 
1 
1 
l 
2 
-
Total • • • 45% 
213 
214 
Table 35. Species present, importance value of trees, 
and density per acre of saplings and high understory 
of a white oak forest at Lost Valley, Site 3. Basal 
area of trees is 78 square feet and density is 242 
per acre. Dash (-) indicates that the species was 
not present. 
Importance Saplings High Understory 
Species Value Density per Acre Density per. Acre 
Quercus ~ 150.7 114 14 
Quercus velutina 75.2 43 29 
Carya tomentosa 18.9 157 114 
Fraxi.nus americana 18.1 43 
Sassafras albidum 14.8 29 
Acer rubrum 14.6 
Camus florida 3.8 72 43 
Ulmu.s alata 2.6 57 215 
Juglans nigra 1.3 
Rhanmus caroliniana 29 43 
Amelanchier arborea 57 
Juni;perus vir~iniana 14 
Carya ovata 29 29 
Ulmus rubra 14 
Totals • . . 501 644 
.. -
Table 36. Species present and percent cover of low 
understory vegetation of a white oak forest 
at Lost Valley, Site 3. 
Species Percent Cover 
Ca;c;ya sp. 12 
Camus florida 12 
Quercus .2 6 
Parthenocissus guinguef olia 4 
Vaccinium vacillans 4 
Fraxinus americana 4 
Sassafras albidum 2 
Vitis sp. 2 
Andropogon virginicus 2 
Total • • • 4&1/o 
215 
216 
Table 37 • Species present, importance value of trees, 
and density per acre of saplings and high understory 
of a mixed hardwood forest at Lost Valley, Site 2. 
Basal area of trees is 100 square feet and density 
is 310 per acre. Dash (-) indicates that the species 
was not present. 
Imp:>rtance Saplings 
Species Value Density per Acre 
Quercus velutina 56.6 50 
Quercus falcata 
Quercus ~ 
Cornus florida 
Fagus grandif olia 
Liquidambar 
stryaciflua 
Ca:cya texana 
Qtiercus stellata 
Ulmus alata 
Co:cylus americana 
Diosgyrus virginiana 
50.1 
48.6 
28.6 
23.9 
23.7 
15.7 
8.7 
7.7 
7.7 
7.7 
Carya tomentosa 7.0 
Nyssa sylvatica 
Juglans nigra 3.0 
Quercus prinoides 2.0 
~ rubrum 1.0 
Quercus marilandica 1.0 
Fraxinus ;pennsylvanica 1.0 
Juniperus virginiana 1.0 
so 
120 
10 
30 
50 
10 
10 
40 
20 
High Understory 
Density per Acre 
30 
20 
20 
90 
90 
10 
110 
10 
llO 
120 
20 
50 
20 
20 
Table 37 
{cont'd.) 
Species 
Importance 
Value 
Saplings 
Density per Acre 
Vaccinium arboreum 
Ulnrus rubra 
Rhododendron roseum 
Amalanchier arborea 
Viburnum prunif olium 
Carya cordif ormis 
Celtis laevigata 
Bumelia lanuginosa 
Cercis canadensis 
Tilia americana 
Fraxinus americana 
Hamamelis vemalis 
Symphorocarpos 
orbiculatus 
~ negundo 
Rhamnus caroliniana 
~ saccharum 
30 
Totals • • • 450 
217 
High Understory 
Density per Acre 
110 
20 
40 
30 
20 
20 
20 
20 
20 
10 
10 
10 
.10 
10 
10 
10 
1090 
Table 38 • Species present and percent cover of low 
understory vegetation of a mixed hardwood 
forest at Lost Valley, Site 2. 
Species 
Amphicarpa. bracteata 
~ radicans 
Vaccinium vacillans 
Andropogon virginicus 
~ rubrum 
Panicum sp. 
Cornus fl:orida 
UlllUls rubra 
Antennaria plantaginif olia 
Quercus ~ 
Vitis sp. 
Parthenocissus guinguef olia 
Juniperus virginiana 
Carya tomentosa 
Fagµs grandif olia 
Cassia nictitans 
Passiflora lutea 
Aster sp. 
Carya tomentosa 
Carex sp. 
Rudbeckia hirta 
Vaccinium arboreum 
Percent Cover 
11.0 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
218 
... 
Species 
Sassafras albidum 
Cynoglossum virginianum 
Zizia aurea 
Cimicifuga racemosa 
Smilax sp. 
Agrimonia rostellata 
Hyd.rastis canadensis 
Misc. forbs 
Table 38 
{cont'd.) 
Percent Cover 
1.0 
.5 
.5 
.5 
.5 
.5 
2.5 
Total • • • 66.5 
219 
220 
Table 39 • Species present, importance value of trees, 
and density per acre of saplings and high understory 
of a beech forest at Leatherwood Creek, Site 1. Basal 
area of trees is 94 square feet and density is 380 per 
acre. Dash (-) indicates that the species was not present. 
Species 
Fagus grandif olia 
Ostyra virginiana 
Cacya texana 
Carya ovata 
Magn.olia acuminata 
Robinia pseudo-acacia 
Quercus borealis 
Juglans nigra 
Acer saccharum 
Ulmus americana 
Cornus florida 
Quercus shumardii 
Carya tomentosa 
Nyssa sylvatica 
Cercis canadensis 
Hamamelis sp. 
Lindera benzoin 
Fraxinus pennsylvanica 
Carpinus caroliniana 
Quercus alba 
Tilia americana 
Asimina triloba 
Importance 
Value 
108.6 
43.9 
29.4 
25.2 
22.1 
21.l 
13.7 
11.5 
9.6 
4.3 
4.3 
2.1 
2.1 
2.1 
Totals • • • 
Saplings High Understory 
Density per Acre Density per Acre 
40 
160 
60 
120 
20 
20 
420 
360 
100 
320 
60 
210 
20 
180 
40 
80 
60 
20 
60 
1510 
22+ 
Table 40. Species present and percent cover of understory 
.vegetation of a beech forest at Leatherwood Creek, 
Site 1. 
Species 
Rhus radicans 
Ostyra virginiana 
Parthenocissus quinquef olia 
Hydrangea arborescens 
Polystichum acrostichoides 
Galium sp. 
Amphicarpa. bracteata 
Fagus grandif olia 
Acer sacchrum 
Fraxinus americana 
Adiantum pedatum 
Ulnru.s americana 
Dioscorea villosa 
Hamamelis sp. 
Carya sp. 
. Panicum sp. 
Cercis canadensis 
Misc. forbs 
Total ••• 
Percent Cover 
7.3 
5.3 
5.3 
4.0 
3.3 
2.7 
2.0 
2.0 
2.0 
2.0 
2.0 
1.3 
1.3 
1.3 
.7 
.7 
.7 
5.3 
49.2% 
222 
Table 41 • Species present, importance value of trees 
and density per acre of saplings and high understory 
of an elm-ash-maple flood-plain forest at Buffalo 
Point, Site 10. Basal area of trees is 44.1 square 
feet and density is 480 per acre. Dash (-) indicates 
that the species was not present. 
Species 
Fraxinus pennsylvanica 
Ulmus americana 
~ saccharinum 
Liguidambar str.yaciflua 
Platanus occidentalis 
Salix nigra 
Gleditsia triacanthos 
Celtis laevigata 
Acer negundo 
Arundinaria gigantea 
Ambrosia trifida 
Rudbeckia laciniata 
Sambucus canadensis 
Catalpa speciosa 
Juglans nigra 
Quercus prinoides 
Importance 
Value 
96.6 
95.7 
46.1 
18.0 
14.5 
10.2 
Totals • . . 
Saplings 
Density :per Ac re 
30 
70 
40 
30 
10 
20 
10 
10' 
220 
High Understory 
Density ;per Acre 
50 
10 
30 
10 
40 
160 
90 
40 
20 
. 10 
670 
.. 
Table 42 • Species present and percent cover of low 
understory vegetation of an elm-ash-maple 
flood-plain forest at Buffalo Point, Site 10. 
Species 
Elymus virginicus 
Saponaria officinalis 
Festuca elatior 
Polygonum virginianum 
Ambrosia trifida 
?Aikania scandens 
Commelina virginica 
Panicum Boscii 
Chasmanthium latif olium 
Solidago sp. 
Vitis sp. 
Silphium perf oliatum 
Sassafras albidum 
Helianthus divaricatus 
Desmodium paniculatum 
Rudbeckia laciniata 
Liquidambar stryaciflua 
Smilax sp •. 
Misc. forbs 
Total ••• 
Percent Cover 
16 
6 
4 
4 
4 
4 
4 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
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Table 43 • Density per acre of trees, saplings, and 
high understory of a willow (gravel bar) forest at 
Buffalo Point, Site 11. Dash (~) indicates that 
the species was not present. 
224 
Trees Saplings High Understory 
Species Density per Acre Density per Acre Density ;per Acre 
Salix caroliniana 28 26 9 
Salix interior 2 9 1 
Platanus occidentalis 1 1 1 
Betula nigra 1 
Acer saccharinum 1 
-
Ulim.l.s americana 2 
Fraxinus ;pennsylvanica 1 1 
Totals • • • 33 39 12 
Table 44 • Species present and percent cover of a willow 
(gravel bar) forest at Buffalo Pointr Site 11. 
Species 
Diodia teres 
Digitaria adscendens 
Ambrosia artemisiif olia 
Bidens sp. 
Euphorbia maculata 
Oenothera biennis 
Chenopodium album 
Amaranthus spinosus 
Ambrosia trifida 
Cassia fasciculata 
Erigeron canadensis 
Sa;ponaria officinalis 
Lespedeza cuneata 
Gaura biennis 
Xanthium struma.rium 
Polygonum llydropiper 
Carex sp. 
Acalypha rhomboidea 
Total ••• 
Percent Cover 
23 
22 
6 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
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LIST OF PLANT COLLECTIONS 
Plants collected at Buffalo Point, Leatherwood Creek and Lost Valley 
are listed in alphabetical order by family on the pages that fol.low. Both 
the scientific names and most commonly used colloquial names are given. 
A total of 93 plants indicated by asterisk ( *) are new county records. 
The following plants in the list are considered as rare: 
BUFFALO POINT 
Gravel bar and floodplain No. 1 
Coreopsis pubescens Ell. var. pubscens X 2: grandiflora.Hogg 
LOST VALLEY 
Cedar Glade 
Cotinus obovatus Raf. 
Phlox bifida Beck 
LEATHERWOOD CREEK 
Paronychia canadensis ( L. ) Wood 
Veronica serpyllifolia L. 
226 
227 
BUFFALO roINT 
: 
·-
AQUIFOLIACEAE Holly Family 
Ilex ambigua _{Michx.) Torr. Winterberry 
ASCEPIADACEAE Milkweed Family 
Asclepias sp. Milkweed 
CELASTRACEAE Staff-tree Family 
Euonymus atropurpureus Jacq. Wahoo 
COMFOSITAE Sunflower Family 
Aster patens Ait. Spreading Aster 
Lactuca sp. Wild Lettuce 
Silphium laciniatum L. Compass Plant 
Solidago arguta Ait. 
var. arguta Goldenrod 
* Solidago nemoralis Ait. Old-field Goldenrod 
C01't1TOLVULACEAE Morning Glory Family 
Ipomoea sp. Morning Glory 
CORNACEAE Dogwood Family 
Cornus drummondi Meyer Rough-leaved Dogwood 
CYPERACEAE Sedge Family 
-· _. Carex muhlenbergii Schk. Sedge 
.:.. EBENACEAE Ebony Family 
Diospyros virginiana L. Persimmon 
*Indicates a new county record. 
Buffalo Point (cont.) 
IDPHORBIACEA.E Spurge Family 
* Euphorbia heterophylla L. 
FAGACEAE Beech Family 
Quercus shumardii Buckl. 
GRAMINEAE Grass Family 
* Chasma.nthium latifoli.um (Michx.) Yates 
LABIATAE Mint Family 
Monard.a sp. 
LEXIDMINOSAE Pea Family 
Baptisia leucophaea Nutt. 
Desmantlrus illinoensis (Michx.) MacM. 
Lespedeza repens (L.) Bart. 
Stylosanthes biflora (L.) BSP. 
Tephrosia virginiana (L.) Pers. 
R>LEMONIACEAE Phlox Family 
Phlox bifida Beck 
R>LYR)DIACEA.E Fern Family 
Fteridium aquilinum (L.) Kuhn 
RHAMNACEAE Buckthor.n Family 
* Rhamnus caroliniana Walt. 
ROSACEAE Rose Family 
* Amelanchier arborea (Michx. f.) Fem. 
Prunus mexicana s. Wats. 
228 
Painted Leaf 
Shumard Oak 
Inland Sea Oats 
Horsend.nt 
Long-bracted Wild Indigo 
Prairie Mimosa 
Bush Clover 
Pencil Flower 
Goat's Rue 
Sand Phlox 
Bracken 
Carolina Buckthorn 
Shad bush 
Big 'free Plum 
Buffalo Point (cont.) 
RUBIACEAE Madder Family 
Galium circae zans Michx. 
Galium ijilosum Ait. 
* Hedyotis nigricans {Lam.) Fosberg 
SAFOTACEAE Sapodilla Family 
Bumelia lanuginosa (Michx.) Pers. 
var. albicans Sarg. 
SCROPlillLARIACEAE Figwort Family 
229 
Wild Licorice 
Hairy Bedstraw 
Bluets 
Chittim-wood 
Gerardia flava L. Gerardia 
UIMACEAE Elm Family 
* Celtis tenuifolia Nutt. Dwarf Hackberry 
VITACEAE Grape Family 
* Vitis vulpina L. Winter Grape 
BUFF AID R>INT 
Gravel bar and floodplain No. 1 
ACERACEAE Maple Family 
~ negundo L. 
AMARANTHACEAE Amaranth Family 
Amaranthus pa.lmeri s. Wats. 
Amaranthus spinosus L. 
Froelichia gracilis (Hook.) Moq. 
Iresine rhizomatosa Stand!. 
ANACARDIACEAE Cashew Family 
~ glabra L. 
ASCLEPIADACEAE Milkweed Fairily 
Matelea gonocarpa (Walt.) Shinners 
BIGNONIACEAE Trumpet Creeper Family 
Campsis radicans (L.) Seem. 
Catalpa sp. 
CAMPANULACEAE Bellflower Family 
230 
Box Elder 
Thorny Amaranth 
Cottonweed 
Blood.leaf 
Smooth Sumac 
Climbing Milkweed 
Trumpet Creeper 
Catalpa 
Campanula americana L. Tall Bellflower 
CAPPARIDACEAE Caper Family 
Polanisia dodecandra (L.) DC. 
subsp. dodecandra 
CARYOPHYLLACEAE Pink Family 
Sap:>naria officinalis L. 
Cla.IJIIey'-weed 
Bouncing Bet 
Gravel bar and floodplain No. 1 (cont.) · 231 
CHENOFODIACEAE Goosef oot Family 
Chenopodium album L. Pigweed 
Chenopodium ambrosioides L. 
Cycloloma atriplicifolium (Spreng.) Coult. 
COMMELINACEA.E Spiderwort Family 
Commelina erecta L. 
COMFOSITAE Sunflower Family 
Ambrosia artermisiifolia L. 
Artemisia annua L. 
Aster sp. 
Astranthium integrifoli~ (Michx.) Nutt. 
Bidens bipinnata L. 
Bidens sp. 
Chrysanthemum leucanthemu.m L. 
Coreopsis pubescens Ell. var. pubescens 
Coreopsis pubescens Ell. var. pubescens 
x 
Coreopsis grandiflora Hogg 
Elephantopus carolinianus Raeusch. 
Erigeron canadensis L. 
Eupatorium coelestinum L. 
Grindelia lanceolata Nutt. 
Helenium amarum (Raf.) H. Rock 
Heterotheca latif olia Buckley 
Heterotheca pilosa (Nutt.) Shinners 
Lactuca canadensis L. 
Lactuca serriola L. 
Mexican Tea 
Winged Pigweed 
Dayflower 
Common Ragweed 
Sweet Wormwood 
Aster 
Western Daisy 
Spanish Needles 
Beggar Ticks 
Ox-eye Daisy 
Star Tickseed 
(natural hybrid!) 
Elephant's-foot 
Horse weed 
Mist-flower 
Gum Plant 
Bitterweed 
Golden Aster 
Golden Aster 
Wild Lettuce 
Prickly Lettuce 
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Gravel bar and floodplain No. 1 (cont.) 
Rudbeckia laciniata L. 
Rudbeckia triloba L. 
Silphium perfoliatum L. 
Solidago arguta Ait. var. arguta 
Solidago gigantea Ait. 
Verbesina virginica L. 
Vernonia arkansana DC. 
Xanthium strumarium L. 
CONVOLVULACEAE Morning Glory Family 
Wild Goldenglow 
Brown-eyed Susan 
Cup Plant 
Goldenrod 
Late Goldenrod 
White Crown-beard 
Arkansas Ironweed 
Cocklebur 
Cuscu.ta sp. Dodder 
CUCURBITACEAE Gourd Family 
Melothria pendula L. Creeping Cucumber 
Sicyos angulatus L. Bur Cucumber 
CYPERACEAE Sedge Family 
Cyperus uniflorus T. & H. 
EIJPHORBIACEAE Spurge Family 
Croton glandulosis L. 
var. septentrionalis Muell. Arg. 
Croton monanthogyn.us Michx. 
Euphorbia heterophylla L. 
var. heterophylla 
Euphorbia maculata L. 
FAGACEAE Beech Family 
Quercus prinoides Willd. 
var. acuminata (Michx.) Gl. 
Umbrella Sedge 
Croton 
Croton 
Painted Leaf 
Nodding Spurge 
Chestnut Oak 
; 
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Gravel bar and floodplain No. 1 {cont.) 
GRAMINEAE Grass Family 
Arundinaria gigantea (Walt.) Chapm. 
Chasmanthium latifolium {Michx.) Yates 
Cynodon dactylon (L.) Pers. 
Digitaria adscendens (H.B.K.) Henr. 
Elymus virginicus L. 
Panicum clandestinum L. 
Setaria viridis (L.) Beauv. 
Sorghum halapense (L.) Pers. 
HAMAMELIDACEAE Witch Hazel Family 
Liguidambar stIXraciflua L. 
LABIATAE Mint Family 
Is:anthus brachiatus {L.) ESP. 
Perilla frutescens {L.) Britt. 
Teucrium canadense L. 
LAURACEAE Laurel Family 
Lindera benzoin (L.) Blume 
LF.GUMINOSAE Pea Family 
Cassia fasciculata Michx. 
Cassia marilandica L. 
Desmodium paniculatum (L.) DC. 
Les;pedeza cuneata {Dumont) G. Don 
Melilotus albus Desr. 
Strophostyles helvola (L.) Ell.· 
LILIACEAE Lily Family 
Smilax bona-nox L. 
Cane 
Inland Sea Oats 
Bermuda Grass 
Southern Crab Grass 
Wild Rye 
Panic Grass 
Green Foxtail 
Johnson Grass 
Sweet Gum 
False Pennyroyal 
Beef-steak Plant 
Wood Sage 
Spicebush 
Partridge Pea 
Wild Senna 
Tick Trefoil 
Sericea Lespedeza 
White Sweet Clover 
Wild Bean 
Cat brier 
Gravel bar and floodplain No. 1 (cont.) 234 
MENISPERMACEAE Moonseed Family 
Cocculus carolinus (L.) DC. Carolina Moonseed 
NYCTAGINACEAE Four o-clock Family 
Mirabilis n.yctaginea (Michx.) Mac M. Wild Four-o'clock 
OLEACEAE Olive Family 
Fraxinus pennsylvanica Marsh. Green Ash 
ONAGRACEAE Evening Primrose Family 
Gaura biennis L. Biennial Gaura 
~nothera biennis ·L. . Evening Primrose 
OXALIDACEAE Wood Sorrel Family 
Oxa.lis stricta L. Yellow Wood Sorrel 
PASSIFIDRACEAE Passion-flower Family 
Passiflora incarnata L. Maypops 
PLATANACEAE Plane Tree Family 
Platanus occidentalis L. Sycamore 
POLYGONACEAE Buckwheat Family 
Polygonum pensylvanicum L. 
var. eglandulosum J. c. Myers Pinkweed 
~lygonum virginianum L. Virginia Knotweed 
Polygonum sp. Smart weed 
Rumex crispus L. Sour Dock 
ROSACEAE Rose Family 
~ canadense Jacq. White Avens 
Rubus trivialis Michx. Southern Dewberry 
Gravel bar and floodplain No. l (cont.) 235 
RUBIACEAE Madder Family 
Diodia teres Walt. Rough Buttonweed 
; 
SALI.CACEAE Willow Family 
Salix caroliniana Michx. Ward's Willow 
Salix interior Rowlee Sandbar Willow 
SCROPHULARIACEAE Figwort Family 
Conobea multifida (Michx.) Benth. 
Kickxia elatine (L.) Dumort. Cancer Root 
Verbascum thapsus L. Mullein 
SOLANACEAE Nightshade Family 
Physalis heterophylla Nees Ground Cherry 
Solanum rostratum Dunal Buffalo Bur 
ULMACEAE Elm Family 
Ulmus americana L. American Elm 
UMBELLIFERAE Parsley Family 
Daucus carota L. Wild Carrot 
--
URTICACEAE Nettle Family 
Boehmeria cylindrica (L.) Sw. False Nettle 
VERBENACEAE Vervain Family 
Verbena urticifolia L. White Vervain 
~ VITACEAE Grape Family 
Am~lopsis cordata Michx. Raccoon Grape 
Vitis cinerea Engelm. Grayback Grape 
Vitis vulpina L. Winter Grape 
Gravel bar and floodplain No. 1 (cont.) 
ALOO SAW, BUT DID NOT COLLIDT: 
ANACARDIACEAE 
~ radicans L. 
Cashew Family 
Poison Ivy 
236. 
... 
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BUFFAIIJ POINT 
Gravel bar and floodplain No. 2 
; 
ACANTHACEAE Acanthus Family 
Justicia americana (L.) Vahl Water Willow 
ACERACEAE Maple Family 
* ~ negundo L. Box Elder 
Acer saccharinum L. Silver Maple 
AIZOACEAE Carpet-weed Family 
Mollugo verticillata L. Carpet-weed 
ALISMACEAE Water Plaintain Family 
Alisma plantago-aquatica L. Water Plantain 
AMARANTHACEAE Amaranth Family 
Amaranthus spinosus L. Thorny Amaranth 
Iresine rhizomatosa Standl. Bloodleaf 
BIGNONIACEAE Trumpet Creeper Family 
* Campsis radicans (L.) Seem. Trumpet Creeper 
Catalpa sp. Catalpa 
CAPPARIDACEAE Caper Family 
* Polanisia dodecandra (L.) DC. 
subsp. dodecandra Clammy-weed 
CAPRIFOLIACEAE Honeysuckle Family 
Sambucus canadensis L. Common Eld~rberry 
Gravel bar and floodplain No. 2 (cont.) 238 
C~OPODIACEAE Goosefoot Family 
* Chenopodium album L. Pigweed 
Chenopodium bot17s L. 
* Cycloloma atriplicifolium (Spreng.) Coult. 
COMroSITAE Sunflower Family 
* Ambrosia artemisiifolia L. 
Ambrosia trifida L. 
* Artemisia annua L. 
Aster pilosus Willd. 
Bidens- sp. 
Eupatorium serotinum Michx. 
Helenium autumnale L. 
* Rudbeckia laciniata L. 
* Xanthium strumarium L. 
CONVOLUVULACEAE Morning Glory Family 
Cuscuta indecora Choisy 
CRUCIFERAE Mustard Family 
JenrsaJ.em Oak 
Winged Pigweed 
Common Ragweed 
Horse Weed 
Sweet Wormwood 
White Heath Aster 
Beggar Ticks 
Late Boneset 
Sneezeweed 
Wild Goldenglow 
Cocklebur 
Pretty Dodder 
Lepidium virginicum L. Pepper Grass 
CUCURBITACEAE Gourd Family 
* Sicyos angu.latus L. Bur Cucumber 
CYPERACEAE Sedge Family 
Cyperus acuminatus Torr. & Hook. Umbrella Sedge 
Cyperus aristatus Rottb. Umbrella Sedge 
Cyperus odoratus L. Umbrella Sedge 
- . 
Gravel bar and floodplain No. 2 (cont.) 239 
* Cy-perus uniflorus T. & H. 
Fimbristylis autumnalis (L.) R. & s. 
EUPHORBIACEAE Spurge Family 
AcalYJ?ha rhomboidea Raf. 
Euphorbia dentata Michx. 
* Euphorbia maculata L. 
GRAMINEAE Grass Family 
* Arundinaria gigantea (Walt.) Chapm. 
* Digitaria adscendens (H.B.K.) Henr. 
Echinochloa crusgalli (L.) Beauv. 
Eleusine indica (L.) Gaertn. 
Eragrostis pectinacea (Mic.bx.) Nees 
LABIATAE Mint Family 
* Perilla frutescens (L.) Britt. 
LYTHRACEAE Loosestrife Family 
Ammannia coccinea Rothb. 
Rotala ramosior (L.) Koehne 
var. interior Fern. & Grise. 
OLEACEAE Olive Family 
Fraxinus pennsylvanica Marsh. 
ONAGRACEAE Evening Primrose Family 
Ludwigia decurrens Walt. 
Oenothera laciniata Hill 
OXALIDACEAE Wood Sorrel Family 
Qxalis stricta L. 
Umbrella Sedge 
Three-seeded Mercury 
Spurge 
Nodding Spurge 
Cane 
Southern Crab Grass 
Barnyard Grass 
Goose Grass 
Love Grass 
Beef-steak Plant 
Tooth-cup 
Tooth;..cup 
Green Ash . 
Primrose Willow 
Evening Primrose 
Yellow Wood Sorrel 
Gravel bar and floodplain No. 2 {cont.) 240 
FHYTOLACCACEAE POkeweed Farilily 
Ph.ytolacca americana L. Poke weed 
PLANTAGINACEAE Plantain Family 
Plantago rugelii Dene. Rugel Plantain 
PLATANACEAE Plane Tree Family 
* Platanus occidentalis L •. Sycamore 
FOLYGONACEAE Buckwheat Family 
Polygonum persicaria L. 
* 
Lady' s Thumb 
Virginia Knotweed 
Knot weed 
* 
* 
Polygonum virginianum L. 
Polygonum sp. 
FONTEDERIACEAE Pickerel-weed Family 
Heteranthera dubia {Jacq.) MacM. Water Star-grass 
ROSACEAE Rose Family 
Rubus trivialis Michx. Southern Dewberry 
RUBIACEAE Madder Family 
Cephalanthus occidentalis L. 
Diodia teres Walt. 
SALICACEAE Willow Family 
Buttonbush 
Rough Buttonweed 
Salix nigra Marsh. Black Willow 
SAilFRAGACEAE Saxifrage Family 
Penthorum sedoides L. Ditch Stonecrop 
-. 
Gravel bar and floodplain No. 2 {cont.) 241 
SCROPHULA.RIACEAE Figwort Family 
* Conobea nru.ltifida (Michx.) Benth. 
Lindernia anagallidea (Michx.) Pennell False Pimpernel 
* Mimulus alatus Ait. Monkey Flower 
SOLANACEAE Nightshade Family 
Physalis pubescens L. 
var. integrifolia (Dunal) Waterfall Ground Cherry 
Solanum americanum Mill. Black Nightshade 
Solanum carolinense L. Horse Nettle 
* Solanum rostratum Dunal Buffalo Bur 
URTICACEAE Nettle Family 
* Boehmeria cylindrica (L.) Sw. False Nettle 
VERBENACEAE Vervain Family 
Lippia lanceolata Michx. Fog Fruit 
VITACEAE Grape Family 
* Ampelopsis cordata Michx. Raccoon Grape 
Parthenocissus 9_¥inquefolia {L.) Planch. Virginia Creepe·r 
ALSO SAW, BUT DID NOT COLL~T: 
ANACARDIACEAE Cashew Family 
Rhus radicans L. Poison Ivy 
SOLANACEAE Nightshade Family 
Datura stramonium L. Jimson Weed 
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BUFFAID RJINT 
Small depression or valley behind Pavilion No. 2 
ACERACEAE Maple Family 
~ rubrum L. Red Maple 
* A£!!: saccharum Marsh. Sugar Maple 
ANNONACEA.E Custard Appl~ Family 
Asimina triloba {L.) Dunal Pawpaw 
BETULACEAE Birch Family 
Caryinus caroliniana Walt. Blue Beech 
CAPRIFOLIACEAE Honeysuckle Family 
Viburnum prunif olium L. Black Haw 
CELASTRACEAE Staff-tree Family 
Euonymus americanus L. Strawberry Bush 
CORNACEAE Dogwood Family 
Cornus florida L. Flowering Dogwood 
DIOSCOREACEAE Yam Family 
Dioscorea quatemata (Walt.) G. F. Gmel. 
LmUMINOSAE Pea Family 
Desmodium nudiflorum (L.) DC. 
Phaseolus polystachios (L.) BSP. 
LILIACEAE Lily Family 
Smilax herbacea:L •. 
var. lasioneura (Hook.) A. DC. 
Yam 
Tick Trefoil 
Wild Bean 
Carrion Flower 
.. 
• 
" ' 
·• 
Valley behind Building No. 2 (cont.) 243 
Uvularia grandiflora Sm. Bell wort 
MORACEAE Mulberry Family 
Marus rubr.a -L. Red Mulberry 
OLEACEAE Olive Family 
Fraxinus pennsylvanica Marsh. Green Ash 
PASSIFI.ORACEAE Passion-flower Family 
Passiflora lutea L. Passion-flower 
PHRYMACEAE Lopseed Family 
* Phryma leptostachya L. Lopseed 
ro1YroDIACEAE Fem Family 
Adiantum ;pedatum L. 
Polystic.hum acrostichoides (Mich.x.) 
Schott f. acrostichoides 
RANUNCULACEAE Crowfoot Family 
* 
Maidenhair Fem 
Christmas Fern 
Aneomone virginiana L. Thimbleweed 
Clematis virginiana L. Virgin's Bower 
RHAMNACEAE Buckthorn Family 
Rhanmus caroliniana Walt. 
ROSACEAE Rose Family 
Aruncus dioicus (Walt.) Fern. 
var. pUbe'Scens (Rydb.) Fern. 
. SAXIFRAGACEAE Saxifrage Family 
Hydrangea arborescens L. 
Carolina Buckthorn 
Goat's Beard 
Wild Hydrangea 
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Valley behind Building No. 2 (cont.) 
STAPHYLEACEAE Bladder-nut Family 
Staphylea trifolia L. American Bladder-nut 
TILIACEAE Linden Family 
Tilia ameri.cana L. Basswood 
UMBELLIFERA.E Parsley Family. 
Sanicula gregari.a Bicknell Black Snakeroot 
I • 
• 
BUFF ALO RJINT 
Glade Site (August 6, 1975) 
ACANTHACEAE Acanthus Family 
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Ruellia humilis Nutt. Wild Petunia 
ANACARDIACEAE Cashew Family 
~ aromatica:Ait. Fragrant Sumac 
CAPRIFOLIACEAE Honeysuckle Family 
Symphoricarpos orbiculatus Moench 
COMPOSITAE Sunflower Family 
Antennaria plantaginifolia (L.) Hook. 
Aster patens Ait. 
* 
Coreopsis Srandiflora Hogg 
var. harveyana (Gray) Sherff 
--contaiminated with var. 
saxicola {Alex.) E. B. Smith 
Grindelia lanceolata Nutt. 
Liatris cylindracea Michx. 
Palafoxia callosa {Nutt.) T. & G. 
var. callosa 
Rudbeckia missouriensis Engelm. 
Solidago arguta Ait. 
var. strigosa {Small) Steyerm. 
Solidago nemoralis Ait. 
CRASSULACEAE Stonecrop Family 
Coral Berry 
Pussy's Toes 
Spreading Aster 
Tickseed 
Gum Plant 
Blazing:Star 
Coneflower 
Goldenrod 
Old-field Goldenrod 
Sedum pulchellum Michx. Widow's Cross 
Glade Site (cont.) 
ERICACEAE Heath Family 
Vaccinium arboreum Marsh. 
EIJPHORBIACFsA E Spurge Family 
Crotonopsis elliptica Willd. 
Euphorbia corollata L. 
FAGACEAE Beech Family 
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Farkleberry 
Rushf oil 
Flowering Spurge 
Quercus stellata Wang. Post Oak 
GRAMINEAE Grass Family 
Andropogon gerardi Vitman 
Elymus virginicus L. 
Tridens flavus {L.) Hitchc. 
HYPERICACEAE St. John's-wort Family 
Hn>ericum drummondii {Grev. & Hook.) T. & G. 
LABIATAE Mint Family 
PyCnanthemum tenuifolium Schrad. 
LlOCRJMINOSAE Pea Family 
Galactia volubilis (L.) Britt. 
var. mississippiensis Vail 
Lespedeza cuneata {Dumont) G. Don 
Petalostemon candidum (Willd.) Michx. 
Schrankia uncinata Willd. 
Stophostyles helveola (L.) Ell. 
· Tephrosia virginiana (L.) Pers. 
Big Bluestem 
Wild Rye 
Purple top 
Nits-and-lice 
Slender ~ountain Mint 
Milk Pea 
Sericea Lespedeza 
White Prairie Clover 
Sensitive Brier 
Wild Bean 
Goat's Rue 
• 
• 
• 
.. 1f 
Glade Site {cont.) 
LINACEAE Flax Family 
Linum medium (Planch.) Britt. 
var. texanum (Planch.) Fern. 
OLEACEAE Olive Family 
Fraxinus pennsylvanica Marsh. 
R:>LYGONACEAE Buckwheat Family 
Eriogonum longifolium Nutt. 
R:>LYR:>DIACEAE Fern Family 
Cheilanthes lanosa (Michx.) D.C. Eaton 
R:>RTULACACEAE Purslane Family 
Talinum calycinum Engelm. 
ROSACEAE Rose Family 
Amelanchier arborea {Michx. f.) Fern. 
* Crataegu~ crus-galli L. 
* Prunus americana Marsh. 
RUEIACEAE Madder Family 
Hedyotis nigricans (Lam.) Fosberg 
SCROFHULARIACEAE Figwort Family 
Gerardia sp. 
ULMACEAE Elm Family 
Celtis tenuifolia Nutt. 
* Ulmus alata Michx. 
Ulmus ruba Muhl. 
247 
Flax 
Green Ash 
Umbrella Plant 
Hairy.Lip-fern 
Fame Flower 
Shad bush 
Cockspu.r Thorn 
Wild Plum 
Bluets 
Gerardia 
Dwarf Hackberry 
Winged Elm 
Slippery Elm 
COLL:&:TION FROM BUFFALO FOINT (7/S&9/1975); 
1 specimen from Lost Valley ( 7 /1/1975) 
Lost Valley Specimen: 
CORNACEAE Dogwood Family 
* Nyssa sylvatica Marsh. Black Gum 
Specimens from Buffalo Point: 
AOOCYNACEAE Dogbane Family 
Apocynum sp. Indian Hemp 
BETULACEAE Birch Family 
* Caryinus caroliniana Walt. Blue Beech 
COMPOSITAE Sunflower Family 
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* Aster patens Ait. Spreading Aster 
Aster sp. Aster 
Coreopsis palmata Nutt. Tickseed 
Helianthus divaricatus L. 
* Lactuca canadensis L. 
Liatris sguarrosa (L.) Michx. 
* Rudbeckia missouriensis Engelm. 
Silphium terebinthinaceum Jacq. 
* Solidago arguta Ait. 
var. strigosa (Small) Steyerm. 
CYPERACEAE Sedge Family 
Scleria sp. 
Sunflower 
Wild Lettuce 
Blazing Star 
Coneflower 
Prairie Dock 
Goldenrod 
Nut Rush 
• 
11, • 
• 
.... 
Buffalo Point/Lost Valley 
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DIOSCOREACEAE Yam Family 
Dioscorea guatemata {Walt.) Gmel. Yam 
EXJPHORBIACEAE Spurge Family 
* EuJ?horbia corollata L. Flowering Spurge 
FAGACEAE Beech Family 
Castanea pumila (L.) Mill. 
var. ozarkensis {Ashe) G. Tucker 
GRAMINEAE Grass Family 
Bouteloua curtipendula (Michx.) Torr. 
* Elymus virginicus L. 
HAMAMELIDACEAE Witch Hazel Family 
* 
Ozark Chinquapin 
Sideoats Grama 
Wild Rye 
Hamamelis virginiana L. Ea.stern Witch Hazel 
LABIATAE Mint Family 
Monard.a sp. Horsemint 
* Scutellaria elliptica Muhl. 
LEGUMINOSAE Pea Family 
Desmodium paniculatum ( L.) DC. 
Desmodium sp. 
*' Petalostemon candidum (Willd.) Michx. 
* Tephrosia virginiana (L.) Pers. 
Vicia sp. 
LILIACEAE Lily Family 
*smilacina racemosa (L.) Desf. 
Skullcap 
Tick Trefoil 
Tick Trefoil 
White Prairie Clover 
Goat's Rue 
Vetch 
False Solomon's Seal . 
Buffalo Point/Lost Valley 
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OLEACEAE Olive Family 
* Fraxinus pennsylvanica Marsh. Green Ash 
FULYFODIACEA.E Fem Family 
Thelypteris hexagonoptera (Michx.) Weath. Broad Beech Fern 
RANUNCULACEAE Crowfoot Family 
Hepatica nobilis Schreb. 
var. obtusa (Pursh} Steyerm. Round-lobed Liverleaf 
RHAMNACEAE Buckthorn Family 
Berchemia scandens {Hill) K. Koch Supple-jack 
Ceanothus americanus L. New Jersey Tea 
SAFUTACEAE Sapodilla Family 
* Bu.melia lanuginosa {Michx.) Pers. 
var. albicans Sarg. Chittim-wood 
SAXIFRAGACEAE Saxifrage Family 
Heuchera sp. Alum Root 
STAPHYLEACEAE Bladder-nut Family 
Staph,ylea trifolia L. American Bladder-nut 
TILIACEAE Linden Family 
Tilia americana L. Basswood 
UMBELLI.FERAE Parsley Family 
Zizia aurea (L.) Koch. Golden Alexanders 
VITACEAE Grape Family 
Vitis aestivalis Michx. Sununer Grape 
251 
I.DST VALLEY 
First Collection 
fl 
ACERACEAE Maple Family 
Acer rubrum L. Red Maple 
-
* ~ saccharum Marsh. Sugar Maple 
ANACARDIACEAE Cashew Family 
~ copallina L. Dwarf Sumac 
ARACEAE Arum Family 
Arisaema atrorubens {Ait.) Blume Jack-in-the-pulpit 
" 
BORAGINACEAE Borage Family 
Cynoglossum virginianum L. Wild Comfrey 
CAPRIFOLIACEAE Honeysuckle Family 
Viburnum prunifolium L. Black Haw 
COMFOSITAE Sunflower Family 
Aster sp. Aster 
'< 
Helianthus hirsutus Raf. Sunflower 
Silphium asperrimum Hook. Starry Rosin-weed 
Solidago caesia L. Blue-stem Goldenrod 
Solidago sp. Goldenrod 
" . 
- CORNACEAE Dogwood Family 
... Nyssa sylvatica Marsh • _Black Gum 
--
ERICACEAE 
Lost Valley {cont.) 
1st Collection 
Heath Family 
Rhododendron roseum {Loisel.) Rehd. 
Vaccinium stamineum L. 
Vaccinium vac illans Torr. 
IDPHORBIACEAE Spurge Family 
* 
252 
Mountain Azalea 
Deerberry 
Lowbush Blueberry 
Euphorbia corollata L. Flowering Spurge 
FAGACEAE Beech Family 
* Quercus £rinoides Willd. 
var. acuminata (Michx.) Gl. Chestnut Oak 
GRAMINEAE Grass Family 
Danthonia spicata {L.) Beauv. Poverty Grass 
Panicum lanuginosum Ell. Panic Grass 
HAMAMF~IDACEAE Witch Hazel Family 
Hamamelis virginiana L. Ea.stern Witch Hazel 
IRDACEAE Iris Family 
Iris cristata Ait. Crested Iris 
Sisyrinchium campestre Bickn. 
LABIATAE Mint Family 
Cunila origanoides (L.) Britt. 
Scutellaria elliptica Muhl. 
LEGUMINOSAE Pea Family 
Desmodium nudiflorum (L.) DC. 
Desmodium sp. 
Prairie Blue-eyed Grass 
Dittany 
Skullcap 
Tick Trefoil 
Tick Trefoil 
. ' 
.. ,,. 
Lespedeza sp •. 
Rhynchosia latifolia Nutt. 
* Robinia pseudo-acacia L. 
Lost Valley (cont.) 
1st Collection 
LILIACEAE Lily Family 
Smilacina racemosa (L.) Desf. 
Smilax hispida Muhl. 
OLEACEAE Olive Family 
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·Bush Clover 
Black Locufit 
False Solomon's Seal 
Bristly Greenbrier 
Fra.xinus americana L. White Ash 
Fra.xinus guadrangu.lata Michx. Blue Ash 
POLYGALACEAE Milkwort Family 
Polygala senega L. Seneca Snakeroot 
RANUNCULACEAE Crowfoot Family 
Cimicifuga racemosa (L.) Nutt. Black Cohosh 
RHAMNACEAE Buckthom Family 
* Rhamnus caroliniana Walt. Carolina Buckthorn 
ROSACEAE Rose Family 
Prunus americana Marsh. Wild Plum 
RUBIACEAE Madder Family 
* Galium arkansanum Gray Arkansas Bedstraw 
SAXIFRAGACEA.E Saxifrage Family 
Hydrangea arborescens L. Wild Hydrangea 
VITACEAE Grape Family 
* Vitis vu.lpina L. Winter Grape 
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IDST VALLEY 
Cedar: Glade 
·' ANACARDIACEAE Cashew Family 
Cotinus obovatus Raf. American Smoke Tree 
AQUIFOLIACEAE Holly Family 
Ilex decidua Walt. Possum Haw 
ASCLEPIADACEAE Milkweed Family 
Asclepias verticillata L. Whorled Milkweed 
BEI'ULACEAE Birch Family 
Corylus americana Walt. Hazelnut 
BORAGINACEAE Borage Family 
Onosmodium subsetosum Mackenz. & Bush False Grornwell 
CAMPANULACEAE Bellflower Family 
Lobelia spicata Lam. Lobelia 
COMFQSITAE Sunflower Family 
* Aster patens Ait. Spreading Aster 
Aster sp. Aster 
Liatris squarrosa (L.) Michx. Blazing Star 
Rudbeckia missouriensis Engelm. 
Solidago sp. Goldenrod 
.s ~ 
CUPRESSACEAE Cypress Family 
Juniperus virginiana L. Red Cedar 
.} f. 
Lost Valley {cont.) 255 
CYPERACEAE Sedge Family 
~!!! oligantha Michx. Nut Rush 
EXJPHORBIACEAE Spurge Family 
Euphorbia corollata L. Flowering Spurge 
FAGACEAE Beech Family 
Quercus .michauxii Nutt. Basket Oak 
Quercus rubra L. Red Oak 
GRAMINFAE. Grass Family 
* Elymus virginicus L. Wild Rye 
Panicum linearif olium Scribn. Panic Grass 
HYPERICACEAE St. John's-wort Family 
Ascyrum hypericoides L. St. Andrew's Cross 
LEGUMINOSAE Pea Family 
Desmodium canadense (L.) DC. 
Desmodium sp. 
Petalostemon purpureum (Vent.) Rydb. 
Rhynchosia difformis (Ell.) DC. 
Robinia pseudo-acacia L. 
* Tephrosia virginiana (L.) Pers. 
OLEACEAE Olive Family 
* Fraxinus pennsylvanica Marsh. 
R>LEMONIACEAE 
*Phlox bifida Beck 
Phlox Family 
Tick Trefoil 
Tick Trefoil 
Purple Prairie Clover 
Black Locust. 
Goat's Rue 
Green Ash 
Sand Phlox 
Lost Valley {cont.) 
RANUNCULACEAE Crowfoot Family 
* Anemone virginiana L. 
RHAMNACEAE Buckthom Family 
·Rhamnus caroliniana Walt. 
ROSACEAE Rose Family 
Amelanchier arborea {Michx. f.) Fem. 
Crataegu.s crus~g@ L. 
·Prunus me.xicana s. Wats. 
RUBIACEAE Madder Family 
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Thimble weed 
Carolina Buckthorn 
Shad bush 
Cockspur Thorn 
Big Tree Plum 
Galium arkansanum Gray Arkansas Bedstraw 
* Hedyotis nigricans (Lam.) Fosberg 
SAR)TACEAE Sapodilla Family 
* Bumelia lanuginosa (Michx.) Pers. 
var. albicans Sarg. Chittim-wood 
SAXIFRAGACFAE Saxifrage Family 
Philadelphus hirsutus Nutt. Mock Orange 
ULMACEAE Elm Family 
* Ulmus alata Michx. Winged Elm 
VERBENACEAE Vervain Family 
Verbena canadensis (L.) Britt. Rose Verbena 
1 ! 
ANACARDIACEAE 
* ~ aromatica Ait. 
ASCLEPIADACEAE 
LOST V A.LLEf. 
3rd Collection 
Cashew Family 
Milkweed Family 
Asclepias verticillata L. 
BEI'ULACEAE Birch Family 
* 
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Fragrant Sumac 
Whorled Milkweed 
Co!Zl!:!-.2, americana Walt. Hazelnut 
BORAGINACEAE Borage Family 
* Cynoglossum virginianum L. Wild Comfrey 
CAMPANULACEAE Bellflower Family 
* Lob~ spicata Lam. Lobelia 
CARYOPHYLLACEAE Pink Family 
Silen~ stellata (L.) Ait. f. Starry Campion 
COMPOSITAE Sunflower Family 
Aster anomalus Engelm. Aster 
Echinacea ;eurpurea (L.) Moench 
Prenanthes altissima L. 
var. cinnamomea Fern. 
Solidago caesia L. 
CYPERACEAE 
Car.ex sp. 
Sedge Family 
P.urple Coneflower 
Rattlesnake Root 
Blue-stem Goldenrod 
Sedge 
Lost Valley (cont.) 
3rd Collection 
ERICACEAE Heath Family 
* Rhododendron roseum {Loisel. ) Rehd. 
* Vaccinium arboreum Marsh. 
* Vaccinium vacillans Torr. 
GRAMINEA.E Grass Family 
Panicum linearif olium Scribn. 
LABIATAE Mint Family 
Monarda bradburiana Beck 
PyCnanthemum albescens T. & G. 
* PyCnanthemum tenuifolium Schrad. 
LIDUMINOSAE Pea Family 
Cassia nictitans L. 
Desmodium glutinosum (Muhl.) Wood 
Desmodium laevigatum (Nutt.) DC. 
* Desmodium nudifloru.m (L.) DC. 
Desmodium rotundifolium DC. 
Les:pedeza intermedia (s. Wats.) Britt. 
* Schrank.ia uncinata Willd. 
RANUNCULACEAE Crowfoot Family 
* Cimicifuga racemosa (L.) Nutt. 
Hydrastis canadensls L. 
Ranunculus hispidus Michx. 
ROSACEAE Rose Family 
* Agrimonia rostel'lata Wallr. 
* Amelanchier arborea (Michx. f.) Fem 
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Mountain Azalea 
F·arlq.e berry 
Lowbush Blueberry 
Panic Grass 
Horsemd.nt 
Mountain Mint 
Slender Mountain Mint 
Sensitive Pea 
Tick Trefoil 
Tick Trefoil 
Tick Trefoil 
Tick Trefoil 
Bush Clover 
Sensitive Brier 
Black Cohosh 
Golden Seal 
Hispid Buttercup 
Agrimony 
Shad bush 
'f f 
Crataem_is sp. 
~. 
Lost Valley (cont.) 
3rd·Collection 
Prunus mexicana s. Wats. 
------
SAFOTACEAE Sapodilla Family 
Bumelia lanuginosa (Y.ichx.) Pers. 
var. albicans Sarg. 
SCHROPHULARIACEAE Figwort Family 
* Gerardia gava L. 
* Pedicularis canadensis L. 
UMBELLIFERAE Parsley Family 
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Hawthorn 
Big Tree Plum 
Chittim-wood 
Gerardia 
Wood Betony 
* Zizia aurea (L.} Koch Golden Alexanders 
ARACEAE 
LEATHERWOOD CREEK 
Newton Co. 
Arum Family 
* Arisaema atrorubens {Ait.) Blume 
BALSAMINACEAE Touch-me-not Family 
Impatiens capensis Meerb. 
BEI'ULACEAE Birch Family 
Carpinus caroliniana Walt. 
BORAGINACEAE Borage Family 
Cynoglossum virginianum L. 
Hackelia virginiana (L.) I. M. Johnston 
CAMPANULACEA.E 
* ul . Campa.n a americana L. 
Lobelia inflata L. 
CARYOPHYLLACEAE 
Bellflower Family 
Pink Family 
Paroeychia canadensis (L.) Wood 
COMPOSITAE Sunflower Family 
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Jack-in-the-pulpit 
Spotted Touch-me-not 
Blue Bee.ch 
Wild Comfrey 
Beggar's Lice 
Tall Bellflower 
Indian Tobacco 
Forked Chickweed 
Polymnia canadensis L. Leaf Cup 
Rudbeckia hirta L. Black-eyed Susan 
* Rudbeckia laciniata L. Wild Goldenglow 
HAMAMELIDACEAE Witch Hazel Family 
Hamamelis sp. Witch Hazel 
... 
Leatherwood Creek (cont. ) 
LABIATAE Mint Family 
* Perilla fzutescens (L.) Britt. 
Pru.nella vulgaris L. 
Salvia lyrata L. 
LEXIDMINOSAE Pea Fandly 
Amphicarpa bracteata (L.) Fem. 
var. bracteata 
Cercis canadensis L. 
Desmodium pauciflorum (Nutt.) DC. 
MAGNOLIACEAE Magnolia Family 
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Beef-steak Plant 
Self-heal 
Cancer Weed 
Hog Peanut 
Red Bud 
Tick Trefoil 
Magnolia acuminata L. Cucumber Tree 
OXALIDACEAE Wood Sorrel Faprl.ly 
* Oxalis stricta L. Yellow Wood Sorrel 
PHRYMACEAE Lopseed Farrd.ly 
Phryma leptostachya L. Lopseed 
PLANTAGINACEAE Plantain Family 
Plantago zugelii Dene. Rugel Plantain 
·POLYGONACEAE Buckwheat Family 
f2!.ygonum h,ydropiper L. Water Pepper 
Polygo~ virginianum L. Virginia Knotweed 
FULYroDIACEAE Fem Family 
Adiantum pedatum L. Maidenhair Fem 
PRIMULACEAE Primrose Family 
Samolus parviflozus Raf. . Water Pimpernel 
Leatherwood Creek (cont. ) 
RANUNCULACEAE Crowfoot Family 
Anemone virginiana L. 
Ranuncil.lus recurvatus Poir. 
var. recurvatus 
RHAMNACEA.E Buckthom Family 
Rhanunus caroliniana Walt. 
ROSACEAE Rose Family 
Agrimonia rostellata Wallr. 
* ~ canadense Jacq. 
RUBIACEAE Madder Family 
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Thimble weed 
Hooked Crowfoot 
Carolina Buckthom 
Agrimony . 
White Avens 
Galium arkansanum Gray Arkansa:;; Bedstraw 
Galium triflorum ~_j_chx. Sweet-scented Bedstraw 
SAIOTACEAE Sapodilla Family 
Bumelia lanuginosa (Michx.) Pers. 
var. albicans Sarg. 
SAXIFRAGACEAE Saxifrage Family 
* Hy<irangea arborescens L. 
Penthorum sedoides L. 
SCROPHULARIACEAE Figwort Family 
Mimulus alatus Ait. 
Pedicularis canadensis L. 
Scrophularia marilandica L. 
Veronica serpzllifolia L. 
Chittim-wood 
Wild Hydrangea 
Ditch Stonecrop 
Monkey Flower 
Wood Betony 
Figwort 
Tlzyme-leaved Speedwell 
.. 
-
Leatherwood Creek (cont.) 263 
UMBELLIFERAE Parsley Family 
Cryptotaenia canadensis (L.) DC. · Hone wort 
URTICACEm Nettle Family . 
Boehmeria cylindrica (L.) Sw. False Nettle 
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RESOURCE CAPACITY 
The literature continues to reflect a wide variety of studies 
being conducted that deal with the concept of resource management 
and resource capacity. One such report clearly defines the concept 
of resource capacity (Pfister and Frenkel, 1975). These authors 
point out that resource capacity is goal-oriented and that a goal 
must be accompanied by criteria standards that identify limiting 
factors. These limiting factors are then expressed in terms of 
thresholds that provide management with the information necessary 
to accomplish the original goal. 
The master plan for the Buffalo National River (National Park 
Service, 1975) establishes the goal of the river to be: 
"To provide three general visitor experiences - - a point 
of interest for the tourist, a swimming and fishing area 
for local users, and a destination area for the avid canoeist 
• its lands are to be in a state of the simplest possible 
development." 
The key to accomplishing this goal as stated above is to develop 
criteria standards that identify limiting factors in the assessment of 
the river quality. River quality may be defined as the physical, 
chemical, and biological character of a river with regard to its suita-
bility for a specified purpose (Hines, et al, 1975). River quality is 
not only concerned with observed quality in a river, but also involves 
the analysis of environmental factors on land, water, and in the air 
that are responsible for the observed quality. All of this is inter-
preted to mean that the Buffalo National River is to be managed so that 
tourism, fishing, swinnning, and canoeing can be experienced without 
..... 
-
.,, 
., * 
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permanently reducing river-.quality below its natural environment. 
The first step in assessing river· quality is to develop a 
conceptual model, which presumably with· time and subsequent data 
generation can progress ·to art applied model. In the applied state, 
a basic understanding of the particular river system is needed to 
formulate the conceptual model and to quantify its parameters and 
limiting factors (Hines, et al, 1975). The concept is to fit the 
model to the river rather than the river to the model. 
It is particularly important in the case of the Buffalo National 
River to recognize that a model need not simulate the river in ques-
tion through all seasonal changes in water quality. Als·o, care 
must be taken to make sure the type of model being used is applicable 
to the season during which the model is being applied. For example, 
modeling the dissolved oxygen (DO) during the winter months would 
be useless since critically low DO conditi-ons have historically occurred 
during the low-flow, high temperature summer months. 
River Quality Models 
River hydrology exercises a dominant control over river quality. 
Hydrologic characteristics determine the physical dynamics of rivers, 
which in turn, control the pattern and extent of chemical and biological 
processes. Because of this, analysis of river hydrology is a prerequisite 
to selecting a model or identifying the data needed to assess the river 
quality of the Buffalo National River (Rickert and Hines, 1975). A 
cursory look at the hydrology of the Buffalo National River supports 
the above statement. Figure 49 is a bar graph depicting the av~rage 
percent runoff as a function of months· for the Buffalo River near St. 
Joe, Arkansas during the ·period 1963-1972. This chart was prepared 
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under the assumption that groundwater rech~rge and groundwater enflux 
were equal. The resulting curve drastically points out the influence 
of evapotranspiration during the hea"Vy foliage summer months of ·June, 
July, August, September, and October. In fact, a detailed analysis 
of the monthly percent runoff for tbe· individual months (Figure 50), 
when compared·with the monthly rainfall; reveals that a relatively 
wet month in the summer has very little effect on the monthly river 
flow. It is obvious that this type of analysis would serve as an 
indicator of land use within the river watershed, particularly as 
to the.influence of human use on the deciduous forest ecosystem. 
Once the river hydrology is documented and understood (groundwater 
recharge and enflux included) there are at least three models that 
should be developed for the river. They are: 
1. DO: Tempera~ure: Dissolved Solids 
2. Algal Growth: Nutrient Transport 
3. Coliform Transport: .Bacteria Indicator: Sediment Transport 
All of these models would provide vital information relative to 
limiting factors and thresholds on the river, but the hydrology of. 
the river must be documented first. 
A time-lapse movie camera was stationed on a bluff overlooking 
a gravel bar between Buffalo Point and Rush Creek. This camera took 
a picture of the river and gravel bar every 100 seconds .for the period 
of 11:00 a.m •. Friday, August 29 to 4:00 p.m. Monday, September 1, 1975 
(Labor Day Weekend). Figure 51 shows the number of canoes as a 
function of time for the first day (Friday). This technique ha~ proven 
to be effective for providing data input into the models that will 
eventually be chosen for the management of the river. 
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Figure 49. 
AVERAGE PERCENT RUNOFF AS A FUNCTION OF MONTHS FOR THE PERIOD 1963-1972 
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Figure 51. Number of Canoes vs. Time for Friday, August 29 1 1975 (Labor Dar Weekend). 
Section of the River: Buffalo Point to R~sh 1 113 Canoes Total from 11:00 a.m. to 6:00 p.m. 
20 
18 
16 
14 
12 
10 
8 
6 
4 = 
2 EE : Et:§ I § ~~~ ~ 
0 a ~ i 1• ~ ~ 1 ~ 1 ~n 1 ~ ~ 
t 
1:00 PM 2:00 PM 3:00 PM 4:QO PM 5:00 PM 
I 
11:00 AH 
TIJ.m OF DAY 
N 
°' l.O
270 
SUMMARY AND CONCLUSIONS 
Analysis of the results of the water quality sampling and moni-
toring programs indicates that the water quality of the Buffalo National 
River remains good. It is concluded that the river hydrology exercises 
dominant control over the quality and therefore should be studied ex-
tensively in the future. This conclusion was also reached in a previous 
study (Babcock and MacDonald, and contributing authors, 1975, p. 48) in 
which it was concluded that: 
"In general, the chemistry of the Buffalo River seems 
to be responsive to the geologic environment and lateral 
inflow during periods of runoff. This study has demon-
strated that concentration gradients exist throughout the 
length of the river and that the river responds to the 
particular geologic formation through which it flows. 
This study has also presented data that suggest that 
during periods of runoff, the river may become hetero-
geneous with constituents such as sodium· and potassium 
and that these constituents may originate in the water-
shed immediately adjacent to the stream." 
This conclusion makes the geohydrology of the area very important 
with regard to ground water being able to contribute to the flow of the 
river and with regard to the pollution of the river by this same process. 
Rocks underlying the Buffalo River basin range in age from 
Precambrian to early Pennsylvanian. The sedimentary section is 
approximately 5,000 feet thick and is composed mainly of limestone,· 
dolomite, sandstone and shale. The strata. are essentially horizontal 
and structural deformation is minimal. 
., 
,.._ 
... 
For the purpose of this investigation, the aquifers have been 
considered in two parts:· the· shallow.and the deep aquifer system, 
however, both are under artesian pressure and the piezometric sur-
faces of each coincide. The· shallow aquifers are recharged by pre-
cipitation falling directly within the basin and the ground water 
moves from the ·higher elevation down the hydrodynamic gradient 
where it is discharged into the effluent streams. In contrast to 
the shallow aquifers, the deep aquifers receive most of their re-
charge outside of the Buffalo basin where they crop out in southern 
Missouri. Water moves south down the hydrodynamic gradient into 
northern Arkansas. 
Ground water quantities in the shallow aquifers are relatively 
low in yield, but are sufficient for domestic use. Because carbonate 
rocks make up much of the sedimentary section, the occurrence of 
ground water is largely dependent on secondary openings such as 
interconnected fractures and solution channels. Wells encountering 
secondary openings are generally fortuitous. The deep aquifers, 
the Roubidoux Formation and the Gunter Member of the Gasconade For-
mation are the most reliable aquifers in the basin, yielding 55 and 
250 gallons per minute, respectively. 
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The amount of surface water in the Buffalo River and its tribu-
taries varies daily, seasonally and annually in response to precipi-
tation and evapotranspiration. Minimum streamflows occur during the 
late summer or fall. Maximum streamflows occur most often in the 
winter and spring. The Buffalo River near St. Joe averages 1040 cubic 
feet per second and near Rush 1292 cubic feet per second. 
Most of the water in the Buffalo River basin which is not lost 
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to the processes of evapotranspiration results in overland runoff 
disch~rged into streams. It may be concluded then, that the Buffalo 
River derives most of its high-flow from direct overland runoff 
rather than from ground water discharge, and streams respond quickly 
to rainfall. 
The absence of precipitation for extended periods results in 
low-flow conditions on the Buffalo River and its tributaries. During 
these periods streams are supplied by ground water discharge; thus, 
low-flows are a measure of the ability of the aquifer to supply water. 
They illustrate the minimum amount of water to be expected. Characteris-
tically, low-flows occur most frequently in the late summer and fall 
and are most pronounced during drought years. 
The quality of the surface water is generally good with the 
exception of possible fecal contamination in certain areas. The 
Buffalo River Ecosystem is most readily susceptible to stress during 
periods of low-flow although pollution in terms of bacteria, chemicals, and 
minerals is higher during storm event runoffs. 
Although pollution is not at present a problem in the Buffalo 
River basin, natural features make both the ground and surface water 
particularly susceptible to environmental hazards. Carbonate terranes, 
which underlie the Buffalo River basin, are especially susceptible. 
Fractures and solution channels in carbonate rocks allow the direct 
input and rapid distribution without natural filtering of pollutant 
materials. The shallow aquifer system is particularly vulnerable to 
pollution, because it is composed dominantly of limestone and dolomite. 
Steep slopes transmit pollutants into the surface water system before 
they can be absorbed and filtered by the soil. Disposal of liquid and 
solid waste should be carefully considered as the result of these factors. 
f 
1 
,Jr;. 
Because ~he· geohydrol.ogy of the river plays such a dominant 
role in the river quality it is recommended that the hydrology and 
geohydrol.ogy be studied to the extent that a water budget for the 
watershed can be constructed· accounti.ng . for ground water recharge, 
ground water enflux to the river, river runoff, and evapotranspira-
tion. This water budget is necessary if . the physical, chemical, ·and 
biological water quality monitoring is to significantly contribute 
to the management of the river. 
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